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LOWER-ENERGY HYDROGEN METHODS AND STRUCTURES 
-LJELel d Of t he invpnlinn- 

This invcn.ion relates .o methods and apparatus foi 
5 rcleas.ng energy from hydrogen atoms (molecules) as .her 
electrons are stimulated to relax to lower energy Ic vels and 
•smaller radii (smaller scmrmajor and semiminor axes) than 
'he "ground state" by prov.dmg a transition catalyst which 
acts as an energy sink or means to remove energy resonant 
J 0 with the electronic energy released to stimulate these 

transiUons accord.ng to a novel atomic model. The transition 
catalyst should not be consumed in the reaction. It accepts 
energy from hydrogen and releases the energy to the 
surroundings. Thus, the transition catalyst returns to the 
I 5 ongm state. Processes tha, require collisions are common For 
example, the exothermic chemical reaction of // + «,<> fonn n 
requires a collision with a th.rd body. M \ to remove the bond' 
energy- H + H + M-*n, + M . The third body distributes the 
energy from the exothermic reaction, and the end result is the 
//, molecule and an increase in the temperature of the system 
Similarly, the transition from the state of hydrogen to the 

""n^cT * Wes 0f h y d ro«cn is possible via a resonant 
collision, say » = ] , 0 „ = ,/ 2 . In these cases, during the 
colhwon .he electron(s) couples to another electron transition 
or electron transfer reaction, for example, which can absorb 
ihe exaci amount of energy tha. must be removed from the 
hydrogen atom (molecule), a resonant energy sink. The end 
result is a lower-energy state for the hydrogen and increase in 
temperature of the system. Each of such reacttons is hereafter 
0 referred to as a sJmiUc^re^ion; each transition is hereafter 
referred to as a sJmnMz^zn^. each energy sink or 
means to remove energy resonant with the hydrogen 
electronic energy released to effect each trans.t.on is hereafter 
referred to as an en ergy hoj e. and the electronic energy 
3 5 removed by the energy hole to effect or stimulate the 
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shrinkage transition »s hereafter referred to as I he r esonant 
sh rinkage JLlimX- An n L c_^_hole comprising a rcaciant ion "* 
that is -spontaneously regenerated following an endothcrmic 
electron ionization reaction of energy equal to the resonant 
5 shrinkao e__ener£Y is hereafter referred to as an ciectro eaiatyMr 
ion. An energy hole comprising two rcactants that are 
spontaneously regenerated following i„c an endothcrmic 
electron transfer reaction between (he two species wherein 
the differences in their ionization energies is equal to ibe 
1 0 res onance shrinkag e_jenejo is hereafter referred to as an 
elcctrocatalvtic couple. 

The present invention of an electrolytic cell energy 
reactor, pressurized gas energy reactor, and a gas discharge 
energy reactor, comprises: a source of hydrogen; one of a solid. 

1 5 molten. liquid, and gaseous source of energy holes; a vessel 

containing hydrogen and the source of energy holes wherein 
the shrinkage reaction occurs by contact of the hydrogen with 
the source of energy holes; and a means for removing the 
(molecular) lower-energy hydrogen *so as to prevent an 

2 0 exothermic shrinkage reaction from coming to equilibrium 

The present invention further comprises methods and 
structures for repeating this shrinkage reaction to produce 
shrunken atoms (molecules) to provide new materials wiih 
novel properties such as high thermal stability. 
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2. Descri ption of the Related Art 

Existing atomic models and theories are unable to 
explain certain observed physical phenomena. The 
Schrbdingcr wavefunctions of the hydrogen atom, for example, 

3 0 do not explain the extreme ultraviolet emission spectrum of 
the interstellar medium or thai of the Sun. as well as the 
phenomenon of anomalous heat release from hydrogen in 
certain electrolytic cells having a potassium carbonate 
electrolyte or certain gas energy cells having a hydrogen 

3 5 spillover catalyst comprising potassium nitrate with the 

production of lower-energy hydrogen atoms and molecules, 
which is pari of the present invention. Thus, advances in 
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energy production and material* have been largely limited to 
laboratory discoveries having limited or sub*optimal 
commercial application. 

5 SUMMARY OF THE I NVENTION 

The present invention comprises methods and 
apparatuses for releasing heat energy from hydrogen atoms 
(molecules) by stimulating their electrons to relax to quantized 
potential energy levels below thai of the "ground state" via 
] 0 electron transfer reactions of rcactants including 

electrochemical reactant(s) (electrocatalytic ion(s) or couple(s)) 
which remove energy from the hydrogen atoms (molecules) to 
stimulate these transitions. It) addition, this application 
includes methods and apparatuses to enhance the power 

1 5 output by enhancing the reaction rale- the rate of the 

formation of the lower-energy hydrogen. The present 
invention further comprises a hydrogen spillover catalyst, a 
multifunctionahty material having a functionality which 
dissociates molecular hydrogen to provide free hydrogen 

2 0 atoms which spill over to a functionality which supports 

mobile free hydrogen atoms and a functionality which can be 
a source of the energy holes. The energy reactor includes one 
of an electrolytic ceii, a prcssurued hydrogen gas cell, and a 
hydrogen gas discharge cell. 

2 5 A preferred pressurized hydrogen gas energy reactor 

comprises a vessel; a source of hydrogen; a means to control 
ihe pressure and flow of hydrogen into the vessel; a material 
to dissociate the molecular hydrogen into atomic hydrogen, 
and a material which can be a source of energy holes in the 

3 0 gas phase. The gaseous source of energy holes includes those 

that sublime, boil, and/or arc volatile at the elevated 
operating temperature of the gas energy reactor wherein the 
shrinkage reaction occurs in the gas phase. 

The present invention further comprises methods and 
3 5 apparatuses for repealing a shrinkage reaction according lo 
the present invention to cause energy release and to provide 
shrunken atoms and molecules with novel properties such as 
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high thermal stability, and low reactivity. The lower-energy 
state atom.«; and molecules are useful for heat iransfci. 
cryogenic applications, as a buoyant gas. as a medium in an 
engine such as a Sterling engine or a luibinc. as a general 
5 icplaceincnl for helium, and as a refrigerant by absorbing 

energy including heat energy as the electrons are cxcitcd'back 
to a higher energy level. 

Below -Ground State" Tra nsitions of Hydrogen a i^ 
» 0 A novel atomic theory is disclosed in Mills. R.. The Gra nd 

Unified Theory of Classical Quantum Mechanic (1995). 
Technomic Publishing Company, Lancaster. PA provided by 
HydroCatalysis Power Corporation. Great Valley Corporate 
Center, 41 Great Valley Parkway. Malvern. PA 19355; The 

1 5 Unjficajion of Spaceiime. the Efilg£&, Matter and Ejicrgy, Mills, 

R., Technomic Publishing Company, Lancaster, PA, (1992); The 
Grand U m fjed Theory , Mills, R. and Farrcll. J., Science Press, 
Ephrata. PA. (1990); Mills, R., Kneizys, S.. Fusion Technology. 
210. (1991). pp. 65-81; Mills, R.. Good. W., Shaubach, R.. 

2 0 "Dihydrino Molecule Identification", Fusion Technology, 25, 

103 (1994); Mills. R.. Good. W., 'Fractional Quantum Energy 
Levels of Hydrogen", Fusion Technology, Vol. 28. No. 4, 
N'ovc-mbei. (1995), pp. i697-j/i9. and in my previous U.S. 
patent applications entitled "Energy/Mauer Conversion 

.25 Methods and Structures", Serial No. .08/467.051 filed on June 
6. 1995 which is a continuation-in-part application of Serial 
No. 08/416.040 filed on April 3. 1995 which is a continuation- 
in-part application of Serial No. 08/107.357 filed on August 
16, 1993, which is a continuation-in-pari application of Serial 
30 No. 08/075.102 (Dkt. 99437) filed on June 11. 1993. which is a 
continuation-in-part application of Serial No. 07/626.496 filed 
on December 12.1990 which is a continuation-in-part 
application of Serial No. 07/345,628 filed April 28. 1989 
which is a continuation-in-part application of Setia] No. 

3 5 07/341.733 filed April 21. 1989 which are all incorporated 
herein by this reference. 
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Fractional Quantum Energ y Levels o f Hydrogen 

A number of experimental observations given in the 
Experimental Section below lead to the conclusion that atomic 
hydrogen can exist in fractional quantum states that arc at 
5 lower energies than the traditional "ground" (/r = I) stale. For 
example, existence of fractional -quantum-energy- level 
hydrogen atoms, hereafter called hvdrin os. provides an 
explanation for the soft X-ray emissions of the dark 
interstellar medium observed by Labov and Bowycr [S. Labov 
10 and S. Bowycr, Astrophysical Journal 371 (1991) 810] and an 
explanation for the soft X-ray emissions of the Sun {Thomas, R. 
J., Neupert, W.„ M., Astrophysical Journal Supplement Series, 
Vol. 91. (1994), pp. 461-482; Malinovsky, M., Heroux, L. f 
Astrophysical Journal, Vol. 181. (1973), pp. 1009-1030; Noyes, 

1 5 R., The Sun. Our Star . Harvard University Press, Cambridge, 

MA, (1982), p.172; Phillips, J. H., Guide to the Sun . Cambridge 
University Press, Cambridge, Great Britain, (1992), pp 118- 
119; 120-121; 144-145J. 

). J. Balmer showed in 1885 that the frequencies for 

2 0 some of the lines observed in the emission spectrum of atomic 

hydrogen could be expressed with a completely empirical 
relationship. This approach was later extended by J. R. 
Rydberg, who showed that all of the spectral lines of atomic 
hydrogen were given by the equation: 

25 v=R 



( I P 



where R = 109.677 cm' 1 , n f = 1.2.3 « = 2.3.4 andn t > n f . Niels 



(1) 



Bohr, in 1913, developed a theory for atomic hydrogen that 
gave energy levels in agreement with Rydberg's equation. An 
identical equation, based on a totally different theory for the 
3 0 hydrogen atom, was developed by E. Schrodinger. and 
independently by W. Heisenberg, in 1 926. 

£ e 7 = 13.598 eV (2a ) 

»= 1,2,3,... < 2b > 
where a H is the Bohr radius for the hydrogen atom (52.947 pm) t 
3 5 e is the magnitude of the charge of the electron, and r„ is the 
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vacuum permiiiivny. Mills' theory predicts that Eq. (2b), 
should be replaced by Eq. (2c). 

" = U - 3 W ' w = f?f" «c) 
The quantum number n = ) is routinely used to describe 
5 the "ground" electronic state of the hydrogen atom. Mills 
(Mills, R., The Grand Unified Theory of CTlasgiral ^..anlum 
Mechanic i, (1995). Technomic Publishing Company, Lancaster. 
PA) in a recent advancement of quantum mechanics has 
shown that the n = l state is the "ground" state for "pure" 
10 photon transitions (the n = \ stale can absorb a photon and go 
to an excited electronic state, but it cannot release a photon 
and go to a lower-energy electronic state). However, an 
electron transition from the ground state to a lower-energy 
state is possible by a "resonant collision" mechanism These 

1 5 lower-energy states have fractional quantum numbers, 

" = In7^g~c7" Processcs lha < occ,,r wiihout photons and that 

require collisions are common. For example, the exothermic 
chemical reaction of // + // to form H 2 does not occur with the 
emission of a photon. Rather, the reaction requires a collision 

2 0 with a third body. M, io remove the bond cnergy- 

H + H + M ->//.+ M. The. thir/1 hn/lv f litiriK.,t„r .i,„ r,. . 

-j -•-•••"•-•-.> »•.>. oici^jf ijoni 

the exothermic reaction, and the end result is the //, molecule 
and an increase in the temperature of the system Similarly, 

the n = ] state of hydrogen and the « = — - — states of 

integer 

2 5 hydrogen are nonradiative, but a transition between two 

nonradiative states is possible via a resonant collision, say „=i 
io />=l/2. In these cases, during the collision the electron 
couples to another electron transition or electron transfer 
reaction which can absorb the exact amount of energy that 

3 0 must be removed from the hydrogen atom, a resonant energy 

sink called an energy hole The end result is a lower-energy 
state for the hydrogen and increase in temperature of the 
system. 

3 5 Waye_Equaiion Soluiioiis_of,jhe Jiydjopen_Aiom 
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Recently, Mills |MilIs. R., The G rand Unified Theory P j 
Clas&kal— Quantum Mechanics, (1995), Tcchnomic Publishing 
Company, Lancaster, FA) has built on the work generally 
known as quantum mechanics by deriving a new atomic 
5 theory based on first principles. The novel theory hereafter 
referred to as Mills' theory unifies Maxwell's Equations, 
Newton's Laws, and Einstein's General and Special Relativity. 
The central feature of this theory is that all particles (atomic- 
size and macroscopic particles) obey the same physical laws. 
10 Whereas Schroclinger postulated a boundary condition: y->0 
as / ^»o, the boundary condition in Mills' theory was derived 
from Maxwells equations fHaus. H. A., "On the radiation from 
point charges'", American Journal of Physics, 54, (1986), pp. 
1 126-1 129.]: 

1 5 For non radiative states, the current density function 

must not possess space-time Fourier components that 
are synchronous with waves traveling at the speed of 
light. 

Application of this boundary condition leads to a physical 

2 0 model of particles, atoms, molecules, and. in the final analysis. 

cosmology. The closed-form mathematical solutions contain 
fundamental constants only, and the calculated values for 
physical quantities agree with experimental observations. In 
addition, the theory predicts that Eq. (2b), should be replaced 

2 5 by Eq. (2c). 

Bound electrons are described by a charge-density 
(mass-density) function which is the product of a radial delta 
function (/(/-)= 6(r ~ r J), two angular functions (spherical 
harmonic functions), and a time harmonic function. Thus, an 

3 0 electron is a spinning, two-dimensional spherical surface, 

hereafter called an electron orbitsp here that can exist in a 
bound state at only specified distances from the nucleus. 
More explicitly, the orbitsphere comprises a two dimensional 
spherical shell of moving charge. The corresponding current 
3 5 pattern of the orbitsphere comprises an infinite series of 
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correlated orthogonal great circle currenl loops. The curr«n. 
pattern (.shown ». Figure 1.4 of Mills (Mills. R . The Grand 
IMftoL Itepry of C lassical f)., a ».,,m ( , 995 } 
Technomic Publishing Company. Lancaster. PAjj is genc.a.ed 
-•> ov et the surface by two orthogonal sets of an mfmiie series of 
nested ro.at.ons of two orthogonal great ctrcle current loops 
where the coordinate axes rotate with the two orthogonal 
great circles. Each infinitesimal rotation of U ,e infinite series 
»s about the new x-ax,s and new y-axis which results from the 
I 0 preced.ng such rotation. For each of the two sets of nested 

rotations, the angular sum of the rotations about each rotating 
x-ax.s and y-axis totals V2* radians. The current pattern 
g»ves r.sc to the phenomenon corresponding to the sp.n 
quantum number. 
L5 The total function tha, describes the spinning motion of 

each electron orbitsphere is composed of two functions. One 
function, the spin function, is spatially uniform over the 
orbitsphere. spins with a quantized angular velocity, and gives 
nse to spin angular momentum. The olhe, function the 
2 0 modulation function, can be spatially uniform-in which case 
•here is no orbital angular momentum and the magnetic 
moment of the electron orbitsphere is one Bohr magne.on-or 
nwi spa.taiiy uniform-,n which case there is orbital angular 
momentum The modulation function also rotates with a 
?5 quantized angular velocity. Numerical values for the angular 
velocity, radi, of allowed orbitspheres. energies, and associated 
quantities arc calculated by Mills. 

Orbitsphere radii are calculated by setting the 
centripetal force equal to the electric and magnetic forces. 
3 0 The orbitsphere is a resonator cavity which traps 

photons of discrete frequencies. The radius of an orbitsphere 
increases with the absorption of electromagnetic energy The 
solutions to Maxwells equations for modes tha, can be excted 
»n the orbnsphere resonator cavity give rise to four quantum 
J 3 numbers, and the energies of the modes are the 
experimentally know,, hydrogen spectrum. 
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Excited states are unstable because the charge-density 
function of the electron plus photon have a radial doublet 
function component which corresponds to an electric dipole. 
The doublet possesses spacctime Fourier components 
5 synchronous with waves traveling at the speed of light; thus it 
is radiative. The charge-density function of the electron plus 
photon for the n=) principle quantum state of the hydrogen 

atom as well as for each of Che n~ — ! — states mathematically 

integer 

is purely a radial delta function. The delta function does not 

1 0 possess spacetime Fourier components synchronous with 

waves traveling at the speed of light; thus, each is 
nonradiative. 

Catalytic Lower-Energy Hydrogen Electro nic Transitions 
J 5 Comparing transitions between below "ground" 

(fractional quantum) energy states as opposed to transitions 
between excited (integer quantum) energy states, it can be 
appreciated that the former are not effected by photons; 
whereas, the latter arc. Transitions are symmetric with 

2 0 respect to time. Current density functions which give rise to 

photons according to the nonradiative boundary condition of 
Mills (jViiiis, R. v The Grand Unified Theory of C l assical Q u antum 
Mechanics . (1995). Technomic Publishing Company. Lancaster, 
PA) are created by photons in the reverse process. Excited 

2 5 (integer quantum) energy states correspond to this case. And, 

current density functions which do not give rise to photons 
according to the nonradiative boundary condition are not 
created by photons in the reverse process. Below "ground" 
(fractional quantum) energy states correspond to this case. 

3 0 But, atomic collisions can cause a stable state to undergo a 

transition to the next stable state. The transition between two 
stable nonradiative states effected by a collision with an 
resonant energy sink is analogous to the reaction of two atoms 
to form a diatomic molecule which requires a third-body 
3 5 collision to remove the bond energy [N. V. Sidgwick, The 
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1 0 

Qicrmcal. Elements and Thei^r^mj^iin^ Volume I, Oxford 
Clarendon Press. (1950). p. 17]. 

En ergy Hol e Concepi 
5 The nonradiaiive boundary condiiion of Mills and the 

relationship between the electron and the photon give the 
"allowed" hydrogen energy states which arc quantized as a 
function of the parameter n. Each value of n corresponds to an 
allowed transition effected by a resonant photon which excites 
I 0 the electronic transition. In addition to the traditional integer 
values (I, 2. 3,....) of n. values of fractions arc allowed which 
correspond to transitions with an increase in the central field 
(charge) and decrease in the size of the hydrogen atom. This 
occurs, foi example, when the electron couples to another 
15 electronic transition or electron transfer reaction which can 
absorb energy, an energy sink. This is the absorption of an 
energy ho l g . The absorption of an energy hole destroys the 
balance between the centrifugal force and the increased 
central electric force. As a result, the electron undergoes a 
transition to a lower energy nonradiaiive state. 

From energy conservation, the resonance energy hole of 
a hydrogen atom which excites resonator modes of radial 

dimensions —'— is 
m -+ 1 

. mXn.2 eV 

25 where m = 1,2,3,4.... 

After resonant absorption of the energy hole, the radius of the 

771+ I 



2 0 



orbitsphere, a H . shrinks to it- and after p cycles of resonant 
shrinkage, the radius 
is 



mp7] ° thcr WOrds - ,hc rad,al S rou nd state field can be 

3 0 considered as the superposition of Fourier components. The 
removal of negative Fourier components of energy mXll.leV, 
where m is an integer increases the positive centra) electric 
field inside the spherical shell by m times the charge of a 
proton. The resultant electric field is a time-harmonic solution 
3 5 of Laplace's Equations in spherical coordinates. In this case. 
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the radius at which force balance and nonradiation are 
achieved is 



m + I 



where in is an integer. In decaying to this 



radius from the "ground" state, a total energy of 
[(m+ I) 7 - 1 7 )X13.6 eV is released. The transition between two 
stable nonradiative states effected by a collision with an 
energy hole is analogous to the reaction of two atoms to form a 
diatomic molecule which requires a third body collision to 
remove the bond energy fN. V. Sidgwick, The Chemical 
Elements and Their Compounds , Volume 1, Oxford, Clarendon 
Press, (1950), p-17). The total energy well of the hydrogen 
atom is shown in FIGURE 1. The exothermic reaction involving 
transitions from one potential energy level to a lower level is 
hereafter referred to as H vdroCatalvsis. 

A hydrogen atom with its electron- in a lower than 
"ground state" energy level corresponding to a fractional 
quantum number is hereafter referred to as a hvdrino atom - 

The designation for a hydrino atom of radius — where p is an 

P 



inieger is H 



The si?.e of the electron orbitsphcrc as a function of 
potential energy is niven in FIGURH 2. 

An efficient catalytic system that hinges on the coupling 
of three resonator cavities involves potassium. For example, 
the second ionization energy of potassium is 31.63 eV. This 
energy hole is obviously too high for resonant absorption. 
However, K° releases 4.34 eV when it is reduced to K. The 
combination of K* to K** and K* to K y then, has a net energy 
change of 27.28 eV. 



27.28 <-V4 /T + K~ + H 



P 



+ {{p+}) 7 - p 7 )X\3.6eV 



And, the overall reaction is 

+ ((p+0 ? -p ? ]V|3.6eV 







-> ti 
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(4) 
(5) 

(6) 
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Note ibal-lhc energy given off as the atom shrinks is much 
greater than the energy lost to the energy hole. Also, the 
energy released is large compared to conventional chemical 
reactions. 

5 

Dispro poruonation of Energ y Slates 

Lower-energy hydrogen atoms, h vdnnos can act as a 
source of energy holes that can cause resonant shrinkage 
because the excitation and/or ionization energies are 
1 0 mX27.2eV (Eq. (3)). For example, the equation for the 

absorption of an energy hole of 27.2JeV, m = | in Eq. (3). during 
the shrinkage cascade for the third cycle of the hydrogen-type 



atom, /^yj, with the hydrogen-type atom, // 



11« 
2 



. that is 



ionized as the source of energy holes that cause resonant 
1 5 shrinkage is represented by 

27.21 eV +H [^y //[.^]-> /r + e- + «[*]-H4> - 3^,3.6 eV - 27.2. eV 

//'+<•"-> w y+ 13.6 eV (g) 

And, the overall reaction is 
on . ,.fa»l ..U./I ..ftf„l 

— ^[YJ-^lyj-' »jyj+rrjyj + |t--3-- 41X13.6^+13.6^ (9) 
The general equation for ihe absorption of an energy hole of 
27.21 eV, /7! = 1 in Eq. (3), during the shrinkage cascade for the 
pth cycle of the hydrogen-type atom. j- with the 

hydrogen-type atom. tfj^fj, that is ionized as the source of 
2 5 energy holes that cause resonant shrinkage is represented by 

'{(^fl)]*^ 4 ')'- A> ! J*I3.6 eV-( m * -2)X13.6 eV 

r i (10) 



27.21 e 
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And, the overall reaction is 



(12) 

+ [2/*+I-;» ,, J>fl3.6^V+l3.6eV 



Transitions io nonconsecuuve energy levels involving 
Ihc absorption of an energy hole of an integer multiple of 
5 27.21 eV arc possible. Lower-energy hydrogen atoms, 

h ydrinos , can act as a source of energy holes that can cause 
resonant shrinkage with the absorption of an energy hole of 
mX27.2eV (Eq. (3)). Thus, the shrinkage cascade for the pth 
cycle of the hydrogen-type atom, // , with the hydrogen- 

I 0 type atom, tfj^fj, that is ionized as the source of energy holes 
that cause resonant shrinkage is represented by 



mX27.2] eV + 



0 3) 



(14) 



And, Ihc overall reaction is 

L'" J I. /'J L l J I ir + m) J ' ' » 

(15) 

Hydrogen is a source of energy holes. The ionization 
energy of hydrogen is 13.6 eV. Disproportionate can occur 
between three hydrogen atoms whereby two atoms provide 
2 0 an energy hole of 27.2J eV for the third hydrogen atom. Thus, 
•he shrinkage cascade for the pth cycle of the hydrogen-type 
atom, with two hydrogen atoms. «[y]. as the source of 

energy holes thai cause resonant shrinkage is represented by 



27.21 <rVt2H 
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ft]* "ftp 2H ' * 2 '' * fe]*""* "' - "'<™ 6 " 



2/T + 2e" -*2//^'-J + 27.2IeV 
And. the oveial) reaction is 



(I6) 
(17) 
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The spcciral lines from dark interstellar medium and the 
majority of the solar power can be attributed to 
disproportionate reactions as given in the Spectral Data of 
Hydrinos from the Dark Interstellar Medium and from the Sun 
Section of Mills [Mills. R., The Grand Unified, Ihm u^LCjjmicM 
Quantum M scJianks, (1995), Technomic Publishing Company, 
Lancaster. PA]. This assignment resolves the mystery of dark 
matter, the solar neutrino problem, and the mystery of the 
cause of sunspots and other solar activity and why the Sun 
emits X-rays. It also provides the reason for the abrupt 
change in the speed of sound and transition from "radiation 
zone" to "convection zone" at a radius of 0.7 the solar radius. 
0.7 R s as summarized in Example 4 below. 

Energy Hole (AtonH^jj^djggenj 

In a preferred embodiment, energy holes, each of 
approximately 27.21 ^V. arc provided by electron transfer 
reactions of reactants including electrochemical reactant(s) 
(clectrocatalytic .on(s) or couplc(s)) which cause heat to be 
released from hydrogen atoms as their electrons arc 
stimulated to relax to quantized potential energy levels below 
that of the "ground state". The energy removed by an electron 
transfer reaction, energy hole, is resonant with the hydrogen 
energy released to stimulate this transition. The source of 
hydrogen atoms can be the production on the surface of a 
cathode during electrolysis of water in the case of an 
electrolytic energy reactor and hydrogen gas or a hydride in 
the case of a pressurized gas energy reactor or gas discharge 
energy reactor. 



Below "Ground Stai,*" Transitions nf } ^yt^rrLXy^c. 
and Mole cular Ion ; 

Two hydrogen atoms react to form a diatomic molecule. 
• he hydrogen molecule. 



CI IDCTm ITC rrjrrt—r lr>i r ->r\ 
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2/y(« // )->// 2 [2c-V2^] 
where 2c is the internuclcar distance. Also, two hvdrino 
atoms react to form a diatomic molecule, hereafter called 
dihvdrino molecule . 
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2c = — ~£ 
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(20) 



where p is an integer. 

The centra! force equation for hydrogen- type molecules 
has orbital solutions which are circular, elliptic, parabolic, or 
hyperbolic. The former two types of solutions are associated 
1 0 with atomic and molecular orbilals. These solutions a.re 

nonradiative if the boundary condition for nonradiation given 
in the One Electron Atom Section of The Unificat ion of 
Spacetime, the Forces. Matter and Fnrr gI Mills, R., Technomic 
Publishing Company, Lancaster, PA, (1992), is met. The 

1 5 mathematical formulation for zero radiation is that the 

function that describes the motion of the electron must not 
possess space-time Fourier components thnt are synchronous 
with waves traveling at the speed of light. The boundary 
condition for the orbitsphcre is met when the angular 

2 0 frequencies are 

h 

= 3 U 

m r 

r n 

As demonstrated in the One Electron Atom Section of The 
Unification of Spacetime. the Forces. Matter, and Energy Mills. 
R., Technomic Publishing Company, Lancaster, PA, (1992), this 
2 5 condition is met for the product function of a radial Dirac delta 
function and a time harmonic function where the angular 
frequency, to, is constant and given by Eq. (21). 

nL 



where L is the angular momentum and A is the area of the 
3 0 closed geodesic orbit. Consider the solution of the centra) force 
equation comprising the product of a two dimensional ellipsoid 
and a time harmonic function. The spatial part of the product 
function is the convolution of a radial Dirac delta function with 
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the equation of an ellipsoid. The Fourier transform of .he 
convolution of two functions is the product of the ind.vidual 
Fourier transforms of the functions: thus, the boundary 
condition is met for an ellipsoidal-ttmc harmonic function 
when 



m t A m ( ab (23) 
where the area of an ellipse is 
A ~ nab 

where 2b is the length of the semtrrunor axts and 2a is the ^ 
1 0 length of the semimajor axis. The geometry of molecular 

hydrogen is elliptic with the .nternuclear axis as the principle 
axis; thus, the electron orbital is a two dimensional ellipsoidal- 
time harmonic function. The mass follows geodes.es time 
harmonically as determined by the central Held of the protons 
I 5 at the foe. Rotational symmetry about the internuclear axis 
further determines that the orbital is a prolate spheroid In 
general, ellipsoidal orbtts of molecular bonding, hereafter . 
referred to as ellipsoidal molecular orbitals (M. O. 's). have the 
genera! equation 

a ' ^ c- (25) 
1 be seniiprincipie axes of the ellipsoid are a. b. c. 
In ellipsoidal coordinates the Laplacian is 

An ellipsoidal- M. O. is equivalent to a charged conductor whose 
2 5 surface is given by Eq. (25). It carries a total charge q. and it's 
potential is a solution of the Laplacian in ellipsoidal 
coordinates. Eq. (26). 

Excited slates of orbhsphcres are discussed in the 
Excited States of the One Electron Atom (Quantization) Section 

Eneig*. Mills. R.. Technomic Publishing Company. Lancaster 
PA. (1992). In the case of ellipsoidal M. O. s. excited electronic 
states are created when photons of discrete frequencies are 
trapped in the ellipsoidal resonator cavity of the M. O The 



WO 96/42085 



PCTA)S96/07949 



1 7 

photon changes the effective charge at the M. O. surface where 
ihc central field is ellipsoidal. Force balance is achieved at a 
series of ellipsoidal equipotcntial two dimensional surfaces 
confocal with the ground state ellipsoid. The trapped photons 
5 are solutions of the Laplacian in ellipsoidal coordinates, Eq. 
(26). 

As is the case with the orbitsphere, higher and lower 
energy states are equally valid. The photon standing wave in 
both cases is a solution of the Laplacian in ellipsoidal 
I 0 coordinates- For an ellipsoidal resonator cavity, the 

relationship between an allowed circumference, 4aE t and the 
photon standing wavelength, A, is 

4a£ = /iA (27) 



20 



where n is an iniegcr and where 



15 k = 



a 



(28) 



is used in the elliptic integral E of Eq. (27). Applying Eqs. (27) 
and (28), the relationship between an allowed angular 
frequency given by Eq. (23) and the photon standing wave 
angular frequency, w y is: 

rti h h l 



= —0) t = tO fi (29) 



where n ~ 1,2,3,4,... 

1 1 1 

n " — — 

2 3 4 • 

(o } is the allowed angular frequency for n-\ 
a t and />, arc the allowed semimajor and semiminor axes for 
2 5 n = J 

From Eq. (29). the magnitude of the elliptic field 
corresponding to a below "ground state" transition of the 
hydrogen molecule is an integer. The potential energy 
equations of hydrogen-type molecules are 

30 v.= -^ -.o ^fllZ (30) 

V = -JL.__jL_ (31) 

where 
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a — 



1 0 



J 5 
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P 



b = r= 0 

C = Vfl' - /r - 



(32) 
(33) 
(34) 



and where p is an integer From energy conservation, the 
resonance energy hole of a hydiogcn-typc molecule which 
causes the transition 



2c = 



2e = 



p + m 



(35) 



is 



«p 7 A r 48.6eV ^ 
where m and p are integers. During the transition, the elliptic 
field is increased from magnitude P to magnitude p + m. The 
corresponding potential energy change equals the energy 
absorbed by the energy hole. 

Energy hole ^ _y _ y p - mp 1 X 48.6 eV (37) 

Further energy is released by the hydrogen-type molecule as 
the intetnuclear distance "shrinks" The total energy. E r , 
released during the transition is 

E r - -13 6 ev[( 2 („, t P )V2 - („, + p )V2 , <2Ll^) ln ^±1 _ (m , ^ ] 



M 3.6 eV f 2p-^ - p > 4i + ^3 



In 



V2 + ) . r -l 



J 



A schematic drawing of the total energy well of 
hydrogen-type molecules and molecular ions is given in 
FIGURE 3. The exothermic reaction involving transitions from 
one potcniial energy level to a lower level below the "ground 
state" is also hereafter referred to as HvdroCat al vsi<: 

A hydrogen-type molecule with its electrons in a lower 
than "ground state" energy level corresponding to a fractional 
quantum number is hereafter referred to as a djJixdririo 
molccjiic. The designation for a dihydrino molecule of 



(38) 
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42o 

intcrnucicar distance, 2c - where p is an integer is 

p 



2c 



A schematic drawing of the size of hydrogen- 
type molecules as a function of total energy is given in FIGURE 
4. 

5 The magnitude of the elliptic field corresponding to the 

first below "ground state" hydrogen-type molecule is 2. From 
energy conservation, the resonance energy hole of a hydrogen 
molecule which excites the transition of the hydrogen 
molecule with internuclcar distance 2c=42a o to the first below 

10 "ground state" with imernuclear distance 2c^~a o is given by 

Eqs. (30) and (31) where the elliptic field is increased from 
magnitude one to magnitude two: 

V r , _ — ~| n ; . =-67.813 eV (39) 



2 



V r -- r?~7T = 1923 eV ( 4 0) 

1 5 Energy hole = - V - V f ^ m X 4&6 eV (4 j ) 

In other words, the ellipsoidal "ground state" field of the 
hydrogen molecule can be considered as the superposition of 
Fourier CGiYipoftCiuS. The kcinovai of negative Fourier 
components of energy 

2 0 mX4&6eV (4 2) 

where m is an integer, increases the positive electric field 
inside the ellipsoidal shell by m times the charge of a proton 
at each focus. The resultant electric field is a time harmonic 
solution, of the Laplacian in ellipsoidal coordinates. The 
2 5 hydrogen molecule with intcrnucicar distance 2c = V2n p is 

caused to undergo a transition to a below "ground state" level, 
and the imernuclear distance for which force balance and 

42a 

nonradialion are achieved is 2r*= — — . In decaying to this 

J -f m 

internuclcar distance from the "ground state", a total energy of 
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-13.6 eV 



-f 

is released. 



, _ ( / I3) 
3 £nstCLiia|£_£jVlol ecu>ar Hvrirn E >n} 

In a preferred embodiment, energy holes, each of 
approximately 

«*4i6*V. are provided by electron transfer reactions of 
reactanis including electrochemical reae.ant(s) 
(eicctrocata.ytic io„(s) or couple(s)) which cause hea, ,o be 
released from hydrogen molecules as their electrons are 

ZT1 rCla l W qUami2Cd P0,Cn " a, ^ below 
ha of the ground s , alc ., Thc cnergy rcn)oved ejec 

ransfer rcacnon. energy hole. JS resonant with the hydrogen 
1 5 energy released to st.mulatc this transition. Thc source of 

hydrogen molecules can be the production on the surface of a 
cathode during electrolysis of water in the case of an 
elec.roly.c energy reactor and hydrogen gaS w a hydr.de ,„ 
case of a prcssunzed gas energy reactor or gas discharge 
^> cnergy reactor. k 

Ener gy Reactor 

The present invention of an electrolytic cell energy 

2 5 IZT PrCSSUmCd enCf2y rC3C,0r ' 3nd 3 Charge 

energy rea CI compnses; , source q{ g 

molten. „ quid . and gaseous source of enefgy hoje$ a vejs • 
comamrng hydrogen and the source of energy holes wherc.n 
he shnnkage rcact.on occurs by contact of the hydrogen with 
he source of energy holes; and a means fof removing the 

3 0 (molecular) ,owe,-energy hydrogen so as to prevent , he 

exothermic shnnkage reaction f,om coming to equilibrium 
Ihc shnnkage reaction rate and net power output are 
'"creased by conforming the energy hole ,o match the 
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resonance shrinkage energy. In general, power output can be 
optimized by controlling the temperature, pressure of the 
hydrogen gas. the source of the energy hole including ihc 
clectrocatalytic ion or couple which provides the energy hole. 
5 the countenon of the clectrocatalytic ion or couple, and the 
area of the surface on which the shrinkage reaction occurs;. 
The present invention further comprises a hydrogen spillover 
catalyst, a muhifunctionajjty material having a functionality 
which dissociates molecular hydrogen to provide free 
I 0 hydrogen atoms which spill over to a functionality which 
supports mobile free hydrogen atoms and a functionality 
which can be a souree of the energy holes. 

A preferred pressurized hydrogen gas energy reactor 
comprises a vessel; a source of hydrogen; a means to control 
15 the. pressure and now of hydrogen into the vessel; a material 
to dissociate the molecular hydrogen into atomic hydrogen, 
and a material which can be a source of energy holes in the 
gas phase. The gaseous source of energy holes includes those 
that sublime, boil, and/or are volatile at the elevated 
2 0 operating temperature of the gas energy reactor wherein the 
shrinkage reaction occurs in the gas phase. 

Other objects, features, and characteristics of the present 
invention, as well as the methods of Operation .inrt th^ 
functions of ihe related elements, will become apparent upon 
.2 5 .consideration of the following description and the appended . 
claims with reference to the accompanying drawings, all of 
which form a part of this specification, wherein like reference 
numerals designate corresponding pans in the various figures. 

30 BRIEF DESCRIPTION QFJHEmAMN^ 

FIGURE 1 is a schematic drawing of the total energy well of 
the hydrogen atom; 

FIGURE 2 is a schematic drawing of the size of electron 
orbiispheres as a function of potential energy; 
3 5 FIGURE 3 is a schematic drawing of the total energy wells of 
the hydrogen molecule. 
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W,f2c= V2nJ. the hydrogen molecular ion. Hpr ~ 2n,}' . (he 
dihydrino molecule. W^c^J. and .he dihydrino molecular 
ion. H' } \2c~a o )'; 

FIGURE 4 is a schematic drawing of the size of hydrogen- 
5 type molecules, H^2c = ^ . as a function of total energy; 

FIGURE 5 is a schematic drawing of an energy reactor in 
accordance with the invention; 

FIGURE 6 is a schematic drawing of an electrolytic cell 
energy reactor in accordance with the present invention; 
1 0 FIGURE 7 is a schematic drawing of a pressurized gas 
energy reactor in accordance with the present invention; 

FIGURE 8 is a schematic drawing of a gas discharge energy 
reactor in accordance with the invention; and 

FIGURE 9 is a plot of the excess heat release from flowing 

1 5 hydrogen in the presence of nickel oxide powder containing" 

strontium niobium oxide (Nb»/Sr>- elcctrocaialylic couple) by 
the very accurate and reliable method of heat measurement, 
thermopile conversion of heat into an electrical output signal. 

2 0 DETAILED DESCRIPTION OF Tf >1- PRESENT! V] 



r: n a v» r\x^ ? x a ir n r r r 



CAT^JJQ3 C_ENERGY HOLEST Rljf^n^jgn ^TOjjS 

25 Single Ele ctron Excited Sta ir 

An energy hole is provided by the transition of an 
electron of a species to an excited state species including a 
continuum exc.ted state(s) of atoms, ions, molecules, and iontc 
and molecular compounds. In one embodiment, the energy 

3 0 hole comprises the excited state transition of an electron of 
one species whereby the transition energy of the accepting 
species equals approximately mX21.2\eV where m is an 
integer. 
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Sing le Electron Tr.-^ /Vr 

An energy hole is provided by ihe transfer of an 
electron between parlicipaiing species including atoms ,ons 
molecules, and ionic and molecular compounds. In one 
embodiment, the energy hole comprises the transfer of an 
electron from one species to another species whereby the sum 
of the conization energy of the e.ectron donating species minus 
the ion.zat.on energy or electron affinity of the electron 
accepting species equals approximately mX27.2UV where m is 
1 0 an integer. 
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Single Ele ctron Transfer Q jyo_Sp_ecies) 

An efficient catalytic system tha. binges on the coupii„o 
of three resonator cavities involves potassium. For example " 
the SCCOnd ionization energy of potassium j s 3l6ieV This 
energy hole is obviously too high for resonant absorption 
However. A" releases 4.3-1 eV when it j s reduced to A' The 
combination of A" to K" and K' to K , then, has a „« cncrgy 
change of 27.28 tV; m = ] i„ Eq. (3). 

2 0 27 28 c.V + K' + K~ + III On] t]fj ^ iH f <>„ 1 

(44) 

A +ti- --> A-' + A" + 27.28M' (45) 
And. the overall reaction is 

Note that the energy g.ven off as the atom shrinks is much 
greater than the energy lost to the energy hole. And the 
energy released ,s large compared to conventional chemical 
reactions. 

For sodium or sodium ions no elec.roca.alytic reaction of 
approximately 27. 2 UV is possible. For example. 42 15 eV of 
energy is absorbed by the reverse of the reaction given in Eq 
(45) where No replaces A": 

MT + MT +4. \SeV->Na+Na u (4?) 
Other less efficient catalytic systems hinge on the 
coupling of three resonator cavities. For example, the third 
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ionization energy of palladium is 32.93 rV. This energy ho.» is 
obv,ou$ly too high for resonant absorption. However W ~ 
-.eases 5 392.V when „ is reduced ,o L, The combinat.on of 
2 ; ' "* '° thCn - 3 - «"'«r change of 



27.54 e V + /.r •,. + "j^j-> JU f />,/' 



I (P+D J 



+ ({p + J)'-/; J )A'J3.6el/ 

L/ + P</'* -» if + /V 1 - + 27.54 eV (48) 
JO And. the overall reaction is (49) 



(50) 



Sifl&kJ-lsctrun Transfer fjDne_Sp_ecicsJ 

An energy hole is provided by the ionization of an 
5 electron from a parucipating spec.es including an atom, an ion 
* nucule, and an ionic or molecular compound to a vacuum ' 
ncrgy ,evel. ,„ one embod.mcnt. the energy hole comprises 
' Wn,ZaUOn ° r a » e, cc t ron from one species to a vacuum ' 

2 0 Zf ,eVd WhCrCb> ' ,,,C ' 0n,Za,,0n ° f ' he cJc c,ron 

donnt.ng .spec.es equals approxnnately n,X27. 2 ^V where m ,s 
<**> inie^cf. 

can cause niUm " ^ °' ""'^ ^'^^ ion) tha, 
can cause resonant shr.nkagc because the third .onizat.on 

25 fr,h y e ,S th 27 " 9 ; ,/, m = i ,n ^ (U Tht ' S - "* cascade 
" lor the pth cycle js represented by 

Tf ' + f • -4 7i }> + 27.491 eV * 5 1 * 

And, the overall reaction is (52) 

"f7 L J""f^,] +l( " <,,: ^ : " l «"' 

5 0 Rubidium is also „ caljsl (clcc,roca la ly„c ,o„) The <53) 

second ionization energy is 27.28 V 

(54) 
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overall reaction 
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/?/■>' +27.28 <?V 



(55) 
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l^fTjl+UP ' n 1 - SIXM O e v (56) 
Other single electron transfer reactions to provide 
energy holes, of approximately ^27.21 eV where m is an 
•n.eger appear , n my previous U.S. Patent Applications 
entitled "Energy/Matter Conversion Methods and Structures" 
Sena. No. 08/467.051 Hied on June 6, ,995 which is " ' 
contmuauon-m-part application of Serial No. 08/4 16 040 filed 
on April 3. ,995 which is a continuation- ,„- part appHcation of 
Sena, No. 08/107.357 fi , cd on Augusl 16> ^ ° f 
connnuation ,n-par, applicatl0n of Sena] No 
W«7) fi,ed on June ,,. ,993. which is a con,inuat,on-i„- parI 
apphcal.on of Sena, No. 07/626.496 filed on December 

No 1 07™ n C ° ntinUa,,0n in -PPBc.il- of Sena, 
No. 07/345 628 filed Apr,, 28, .989 which is a continuat.on- 
n-pan apphcaiio. of Ser.al No. 07/341.733 filed April 21 
1989. whrch are incorporated herein by reference. 

2 0 MuLUnIe_ Elcctron Ti a^f*, 

An energy hole is provided by the transfer of ,nu„ip, c 
electrons between participating species including atoms ions 
molecules, and ionic and molecular compounds In one " 
embodiment, the energy hole comprises the transfer of , 
electrons from one or more spec.es to one or more species 
whereby the sum of the ionization energ.es and/or efectron 
affin.t.es of the electron donating spec.es m.nus the sum of the 
.omzat.on energies and/or electron affinities of the electron 
acceptor spcc.es equals approximately m*27.2l eV where m 
•>U and i arc integers. 

An energy hole is provided by the transfer of multiple 
electrons between participating spec.es inc.uding atoms ions 
molecules, and ,onic and molecular compounds l n one' " 
embodiment, the energy hole comprises the transfer of , 
3 5 electrons fron, one species to another whereby the , 

consecut.ve electron affinities and/or ioniza,i on energ.es of 
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1 5 



the elcciron donating species minus the i consecutive 
ionization energies and/or electron affinities of the electron 
acceptor equals approximately ,nX27.2l rV where ,„ and , are 
integers. ' l 

in a preferred embodimcnl the elcc.ron acceptor species 
« an ox.de such as MnO.. AlO,. SiO,. A preferred mo Jccular 
electron acceptor is oxygen, O r 

Two Electron Trans fer (On e Species) 

In an embodiment, a catalytic system that provides an 
energy hole hinges on the ionization of two electrons from an 
atom, l0D . or molecule to a vacuum energy level such that the 
sum of two lonizauon energies is approximately 2 7 2I,V Zinc 
w one of the catalysts (clectrocatalytic atom) that can cause 
resonant shrinkage because the sum of the firs, and second 
ion.z.i,on energies is 27.358 cV. ,„=, j n E(J . {3) Thus |||e 
shrinkage cascade for the p ,h cycle is represented by 

Ym 1 - + 2e ->/>» + 27.358 eV 
2 0 And. the overall reaction is {58) 

//[fit ] //[__f*_ ] + , ( n > _ „j, VI , < . w 

(59) 

Two R| P< -iron Tj^jcLiTj^o^eci^sJ 

In another embodiment, a catalytic system that provides 
an energy hole hinges on the transfer of two electrons from an 
atom. ion. or molecule to another atom or molecule such that 
the sum of two ionization energies minus the sum of two 
electron affinities of the participating atoms, ions, and/or 
molecules ,s approximately 27.21 eV. A catalytic system that 
hmges on the transfer of two electrons from an atom to a 
molecule involves palladium and oxygen. For example the 
first and second ionization cnerg.es of palladium are 8 34 eV 
and ,9.43 v , ,es P ec t ,ve)y And. the firs, and second electron 
affinities of the oxygen molecule arc 0.45 eV and 0 II eV 
3 5 respectively. The ene.gy hole resulting from a ,w 0 electron 
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.3 0 



otpcTmiTr cucrr/Diu c -7c\ 
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transfer is appropriate for resonant absorption The 
combination of Pd 10 Pd 74 and 0, to 0;\ then, has a nci energy 
change of 27.21 eV. 

a 



27. 2 J cV + Pd > O. 



'-"[7] 



(/>+ 1) 



+ f- l) : -/» J )Xl3.6r»' 



) 0 



1 5 



20 



25 



W + O]' -> + 0 ? -f 27.2! <> V 
And, the overall reaction is 



'fe]" , te] +l,p,l), -' ,:u, ■ ,6 ' , ' 



(60) 
(61) 

(62) 



Additional atoms, molecules, or compounds which could be 
substituted for G 7 are those with first and second electron 
affinities of approximately 0.45 eV and 0.11^ respectively, 
such as a mixed oxide (MnO jt AlO M . SiOJ containing O U) form 
(?~ or Q 7 to form 0]~ . 



TwoJElect ron Transfer (Two Sp ecies] 

In another embodiment, a catalytic sysicm thai provides 
an energy hole hinges on the transfer of two electrons from an 
atom, ion, or molecule to another atom, ion, 01 molecule such 
that the sum of two ionization energies minus the sum of one 
ionization energy and one electron affinity of the participating 
atoms, 10ns, and/or molecules is approximate)* 27.21 e\\ A 
catalytic system that hinges on (he transfer of two electrons 
from an atom to an ion involves xenon and lithium. For 
example, the first and second ionization energies of xenon are 
12.13 eV and 21.21 eV . respectively. And, the first ionization 
energy and the first electron affinity of lithium are 5.39 eV and 
0.62 eV, respectively. The energy hole resulting from a two 
electron transfer is appropriate for resonant absorption. The 
3 0 combination of Xe to Xe" and Li* to Li\ then, has a net energy 
change of 27.33 eV , 



27.33 cV -t Xc + W 



(63) 
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Xe 7 - + Li" ->Xe + W + 27.33 cV it A 4 

And. ihc overall reaction is j 



H L(p+l)J 



+f0> + » ? - p')xn.( >c v {65) 



5 Xwo_Ek cfron Trans f er (Two Sp rr.rc) 

In another embodiment, a catalytic system that provides 
an energy ho.e hinges on .he transfer of two electrons ro„ 2 

o ; „ . .on. or molceule to another atom. ion. or molecule such 
-hat the sum of two .on.zarion energies minus the sum of ,wo 
■ 0 .on 12a t,on energies of the parttcipating atoms and/or 

molecule, is approximately 27.2, eV. A catalytic system that 
nnges on the transfer of two electrons from a f lrs , ion to a 
second ion .nvolves silver* Ag') and silver ( V) For 
-ample, the second and third iomzation energ.es of sj!vcr arc 
15 and 34.83 ^.respectively. And. the second and first 

ion.zai.on energies of silver are 21.49 cV and 7 «,v 
respectively. The energy hole resumng from a two' electron 
iransfer is appropriate for resonant absorption The 
combination of Ag - l0 A f and Ag , , 0 Ag ^ ^ ^ 
*V energy change of 27.25 eV . 



27.25 4ji>- + Ag 



ip + n 



*Up+l)- -p 7 1X13.6 eV 



2 5 



V ->Ag-> Ag' + + 27.25 eV 
And. the overall reaction is 



(66) 
(67) 

(68) 



30 tn ene" 7T\ » "'^ ^,e m that prov.des 

n energy hole hmges on the transfer of three electrons from 
» »» ,0 another ,on such tha, the sum of ,he electron afZy 
nod two .omzation energ.es of , hc firs, .on minos the J'"* 
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-hrcc .onizaiion energies of ,he second ion is approximately 
-'■21 rV. A catalytic system that h.ngcs on the transfer of 
•hrce electrons from an ion to a second ion involves /f nnd 
Cr For example, the electron affinity. f irst ionizaiion cner-y 
and second ionization energy of lithium are 0.62 eV 5 392 fV 
and 75.638 eV. respectively. And. the third, second. ' and firsI ' 
lomzat.on energ.es of o> arc 30.96 ,V. . 6 .50eV. and 6 766eV 
respectively. The energy hole resulting from a three electron 
transfer is appropriate for resonant absorption The 
combination of £T to Li 1 ' and O" to Cr, then, has a net 
energy change of 27.42 eV. 

1 5 , (69) 

U ' + Cr -* Li- + Cr" + 27.42 ,V ( 70) 

And. the overall reaction is 



J 0 



(71) 



20 



25 



I" anothe, embodiment, a catalyt.c system that provides 
«" energy hole hinges on the transfer of three electrons from 
an atom. ,on. or molecule to another atom. ,on. or molecule 
"•ch that the sum of three consecutive ion.zat.on energ.es of 
•he electron donating species minus the sum of three 
consecutive ionization energies of the electron accepting 
spec.es ,s approximately 27.21 eV. A catalytic system that 
hinges on the transfer of three electrons from an atom to an 
•on mvolves Ag and Ce>\ For example, the firs,, second, and 
third lon.zation cncrg.es of silver are 7.58 eV, 21 49 cV and 
34.83 eV. .espec.ively. And. the third, second. a „d first 
ton.zat.on energies of are 20.20^. 1 0.85 ,V. and 5 47 eV 

respectively. The energy hole resulting from a three electron 
transfer is appropriate for resonant absorption The 
combination of A g to V and Ce" to Cr. then, has a net 
3 5 energy change of 27.38 eV . 



30 
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27. 38 cV Ag «■ (V -f //j.^j _ ^- ., c , 

V + Ce — > /4#+ CV 1 ' + 27.38 e V 
5 And. ihc overall reaction is * 

47]"4^] +Kp+,)? - /,>rj36 ^ (?«) 

1 0 Single ElP.Ctmn Tr* m Q r 

In a funhcr embodiment, an energy hole of energy 
equal ,o the total energy released for a below "ground „ a|c . 
electronic transition of the hydrogen atom is provided by the 
transfer of an electron between participating spectes mcludmg 
atoms. ,ons. molecules, and ionic and molecular compounds In 
one embodrment. the energy hole comprises the transfer of an 
c ec.ron from one species to another species whereby the sun, 
Of the .onization energy of the electron donat.ng spec.es minus 
'he .omzanon energy or electron affinity of the electron 
accept.ng species equals approximately ^ 27.21 eV ; where m is 
an integer. 

For m *i correspond.ng. to the „.= , , 0 „ = i/2 , r;inS)tion 
an eff.e.en. ca.aly.ie system that hmges on the couplmg of 
^ .hree resonator cav„ies involves arsen.c and calcium For 
-3 example, the thud .omzation energy of calcium is 50 908 e V 

Th,s energy hole ,s obv.ously too high for resonant absorp.ion 
However. As' releases 9.81 eV when ,, JS reduced to As The 
combtnat.on of cV' to CV and As' to As, then, has a net 
energy change of 4!.l e V. 

3 0 41.1 eV + As' + Ca' 



i 5 



2 0 



»* ♦ "[^]-> As, CV* + /{-°— - /^,3.6 eV 



As i Ca x - _» As' -f Co*' +41.1 C V 



(75) 
(76) 
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3 I 

And, the overall reaction is 



H 


l l!L 






. P . 





w [^7i]] +l(/,+,)? -^ jr,36 " v 



Multiple Electro n Transfer 

An energy hole is prov,<Jcd by Ihc transfer of multiple 
electrons between participating species including atoms, jons, 
molecules, and ionic and molecular compounds. In one 
embodiment, the energy hole comprises the transfer of t 
electrons from one or more species to one or more species 
whereby the sum of the ionization energies and/or electron 
affinities of the electron donating species minus the sum of the 
ionization energies and/or electron affinities of the electron 
acceptor species equals approximately ^27.21 eV where m and 
t are integers 

WMeWCJMXG Y HQU; .STRUCTURES FOR y ni Prince 



S ingle Electron Excited 

An energy hole is provided by the transition of an 
2 0 electron of a species to an excited state species including 

atoms, ions, mole-cnio. and ionic and molecular compounds. In 
one embodiment, the energy hole comprises the excited state 
transition of an electron of one species whereby the transition 
energy of the accepting species is mp 1 XAi.6 e V where m and p 

2 5 are integers. 

Single Electron Transfer 

An energy hole is provided by the transfer of an 
electron between participating species including atoms, ions. 

3 0 molecules, and ionic and molecular compounds. In one 

embodiment, the energy hole comprises the transfer of an 
electron from one species to another species whereby the sum 
of the ionization energy of the electron donating species minus 
the ionization energy or electron affinity of the electron 
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accepting species equals approximately mp'X 48.6 e V where rn 
and p are integers. 

Single ElcctronJTja nsfcr fTwo Species) 
5 An efficient catalytic system that hinges on the coupling 

of three resonator cavities involves iron and lithium. Por 
example, the fourth ionization energy of iron is 54.8 e V. This 
energy hole is obviously too high for resonant absorptton. 
However, W releases 5.392 ,1' when it is reduced to Li. The 
10 combination of Ft* to Fe" and LF to Li, then, has a net 
energy change of 49.4 eV. 



49.4 eV + Fe>- + Li' + H^lc = V2>.| _ /V" + L» t 



+ 95. 7 c V 



(78) 

Li r /V* -4 Z.r + Fe" +49 .4 (79) 

1 5 And, the overall reaction is 

Hpc = Jla. ) -> //; 2c * ^ J + 95. 7 c V ( 8 0 } 

Note that the energy given off as the molecule shrinks is much 
greater than the energy lost to the energy hole. And, the 
energy released is large compared 10 conventional chemical 

2 0 reactions. 

An efficient catalytic system ihat hinges on the coupling 
of three resonator cavities involves scandium For example, 
the fourth ionization energy of scandium is 73.47 eV. This 
energy hole is obviously too high for resonant absorption. 
2 5 However. Sc u releases 24.76 e V when it is reduced to Sc" The 
combination of 5c" to St" and 5c" .0 5c\ then, has a net 
energy change of 48.7 eV. 

48. 7 eV + Sc* + 5c" t n\lc = Jio.] -> 5c' + + //,j 2 c = ^ J + 95. 7 cV 

(81) 

30 Sc ? * + • ?c'* -> 5c' + Sc" + 48. 1 eV {82) 

And, the overall reaction is 



H\2c- = V2 a „]-> //;| 2 c =1^+ 95 7 f v 



(83) 
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An efficient catalytic system that hinges on the coupling 
of three resonator cavities involves yttrium. For example, the 
fourth ionization energy of gallium is 64.00 eV. This energy 
hole ,s obviously too h,gh for resonant absorption. However 
Pb } - releases 15.03 eV when it is reduced to Pb\ The 

combination of C* 5 ' to G«" and Pb>' to Pb' , then, has a net 

energy change of 48.97 eV. 

48.97 eV -t Ga" + + H 7 {2c = Go" + />f 

+ //;[2c^J. f95 . 7 ^ 

Gn" + ~> Ga>* + + 48.97 eV [35 J 

And. the overall reaction is 



2c =■ 

2 



+ 95 7 ^ (86) 



1 5 Single Electron Tmn^r fr>„, S-p-rirj) 

An energy hole is provided by the ionization of an 
electron from a participating species mcludmg an atom, an ion 
a molecule, and an ionic or molecular compound to a vacuum 
energy level In one embod.mem. the energy hole comprises 
• he ionization of an electron Trom one species 10 a vacuum 
cneigy icvei whereby fnc ionization energy of the electron 
donating species equals approximately mp'A'48.6 eV where m 
and p arc integers. 

25 Multi ple Electron J r ^(, r 

An energy hole is provided by the transfer of multiple 
electrons between participating species inclucl.ng aloms> ion s. 
molecules, and ionic and molecular compounds. In one 
embodiment, the energy hole comprises the transfer of 1 
3 0 electrons from one or more species .0 one or more species 
whereby the sum of the ionization energies and/or electron 
affinities of the electron donating species minus the sum of the 
ionization energies and/or electroi affinities of the electron 
acceptor species equals approximately V*48.6 eV where m. p. 
3 5 and 1 are integers. 
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An energy hole is provided by .he Iransfer of multiple 
electrons between panicipaiing species including moms, ions 
molecules, and ionic and molecular compounds. In one 
embodiment, the energy hole comprises the transfer of , 
electrons from one species to another whereby the i 
consecutive electron affinities and/or ionization encrg.es of 
(he electron donating species minus the t consecutive 
ionization energies and/or electron affinities of the electron 
acceptor equals approximately mp>X4S.6 eV where m, p, and t 
1 0 are integers. 

In a preferred embodiment the electron acceptor species 
« an ox,de such as MnO.. AIO..SO,. A preferred molecular 
electron acceptor is oxygen, O,. 

1 5 Two E»ecj ron_Tra nsfcr (One ^ i*) 

In an embodiment, a catalytic system that provides an 
energy hole hinges on the ionization of two electrons from an 
alom. .on. or molecule to a vacuum energy level .such that the 
sum of two .onization energies is approximately mp> X46.6eV 

2 0 where m, and p are integers. 

Two niert ron_Jran s.ier (Two Specjesj 

in another embodiment, a catalytic system that provides 
an energy hole hinges on the transfer of two electrons from an 
atom. ,on. or molecule to another atom or molecule such that 
the sum of two ionization energies minus the sum of two 
electron affinities of the participating aioms, ions, and/or 
molecules is approximately utfXIMeV where m and p arc 
integers. 
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Two E lectron Transfer ( Two ^p^n^J 

In another embodiment, a catalytic system that provides 
an energy hole hinges on the transfer of two electrons from an 
atom. ,on. or molecule to another atom. ion. or molecule such 
ihat the sum oi two ionization e ergies minus the sum of one 
ionization energy and one electron affinity of the participating 
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atom*, ions, and/or molecules is approximately V*48.6,k 
where ni and p arc integers. 

DJhs.t_ Encr pv Hotp.; 
5 In another embodiment, energy holes, each of 

approximately mX6TteV given by Eq. (30) 

-mXV, = ~mX I^£l_| B £Lt 

= /«X67.8I3 cV 

are provided by electron transfer reactions of reactants ^ 
including electrochemical reac.an,(s) (elecirbc.t»|y, ic ionfs) or 
coup,c(s)) wh.ch cause heat to be released from hydrogen 
molecules as their electrons are stimulated to relax' to 
quantized potential energy levels below lhaI of thc .. 
Mate The energy removed by an electron transfer reaction 

Z,a, t rCS ° nant Wi * hydr08C " ^ «o 

.m«.a, ,his transition. The source of hydrogen molecules is 

>» e production on the surface of a cathode during electrolysis 
of water ,„ ,he case of an electrolytic energy rca c,or and 
Hydrogen gas or a hydride in the case of a pressurized gas 
-0 energy reactor or gas discharge energy reactor 

An energy hole is provided by the transfer of one o, 
more electrons between participating spec.es including atoms 
>o»s. molecules, and ionic and molecular compounds |„ 
embodiment, the energy hole comprises the transfer of , 
5 electrons from one or more species to one or more spec.es 
whereby the sum of the ioniaiion energ.es and/or electron 
affmn.es of the electron donating species minus the sum of the 
ionization energies and/or electron affinities of the electron 
acceptor spec.es equals approximately nXV.H eV where ,„ and 
>U i arc integers. 

An efficient catalytic system ,ha, hinges on the coupling 
of three resonator cavities involves magnesium and strontium 
T-or example, the third ionization energy of magnesium is 
3 5 loV T | lis encr 8 v hole is obviously too high for resonant 
absorption. However. J," releases ,,.03 ,V when it is reduced 
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10 Sr\ The combination of Mg 1 ' to Mg'- and AY'' 10 sr. then, 
has a net cneigy change of 69.1 eV . 



+ h; 



2r = 

2 



+ 95.7 /-V 



A/*'* + Sr' -> A/^ 7 * 4 5/-" + 69. 1 eV 
And, the overall reaction is 



(88) 
(89) 



ff, [2c- =V2e, ]-♦//: 



2c = ii 

"5 



+ 95.7 eV 



(90) 



Another efficient catalytic system that hinges on the 
! 0 coupling of three resonator cavities involves magnesium and 
calcium. In this case, cV releases 11.871 ,V when it j s reduced 
io Ca. The combination of Mg" to Mg 3 ' and <V to Ca\ then, 
lias a net energy change of 68.2 eV. 

68.2 eV 4 /V/£ 3 - ■< Gi 1 ' + //,|2c = V2r/ o ] -» Mg" + La 



I 5 



2 0 
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30 



' //;|2,-,^|, 95 7 ,V/ 



*V + Co' -> A/^ 1 - Or" i- 68 2 
And. the oveiall reaction is 

J'la 



// } |2r = V2aJ-> //J 2r = |, 95.7 ,1' 
* L 2 J 



(91) 
(92) 



In four other embodiments wherein the theory is given 
m my previous U. S. patent application. Serial No 08/107.357 
filed on August 16. 1993 which is incorporated herein by this 
reference, energy holes, each of approximately: 
nXEj eV with zero order vibration where E T is given by Eq. (38); 

mX3l.94eV where 31.94 rl' is given by Eq. (222) of the U. 
S. patent application Serial No. 08/107.357 where n and m are 
integers, 

». r. £ ... 

(222) 



E D = £(2 //[«„))- m = -27.21 + 31.94 = 4.73^ 



and 



95.7 eV (corresponding to m - I in Eq. (43) with zero order 



vibration which is given by the difference in •- E , - 



of 
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J 0 



08/l07 5 35^) d {222> ^ U S P3 ' Cn ' aPp!iCa "° n SeiiaJ No 

E B = «2//[^]>- E,^^ - ^ = -108.8 * 127 66 = 18.86 eV (254 ) 
are provided by electron transfer reactions of reactan.s 
including electrochemical rcactant(s) (clecirocaialyiic ion(s) or 
couplc(s)) which cause heat to be released from hydrogen 
molecules as their electrons are slimulaicd to relax to 
quantized potential energy levels below ,j iat of lhe - ground 
■sta.e" The energy removed by an electron transfer reaction 
energy hole, is resonant with the hydrogen energy rcJeascd to 
stimulate this transition. The source of hydrogen molecules is 
•he production on the surface of a cathode during electrolysis 
of water ,n the case of an electrolytic energy reactor and 
hydrogen gas or a hydride in the case of a pressurised gas 
i 5 energy reactor or gas discharge energy reactor 

An energy hole is provided by the transfer of one or 
more electrons between participating species including atoms 
ions, molecules, and ionic and molecular compounds. In one 
embodiment, the energy hole comprises the transfer of . 
electrons from one or more .species to one or more species 
whereby the sun, of the ionization energies and/or electron 

~>'"""><5 Armies liiiniib uie sum of the 

ionization energies and/or electron affmit.es of the electron 
acceptor specics equals approximately mX 31.94 eV (Eq. (222)) 

2 5 where m and t are integers. 

An energy hole is provided by the transfer of one or 
more electrons between participating spec.es including atoms 
ions, molecules, and ionic and molecular compounds. |„ one 
embodiment, the energy hole comprises the transfer of . 

3 0 electrons from one or more species to one or more specics 

whereby the sum of the ionization energ.es and/or electron 
affinit.es of the electron donating spcc.es minus the sum of the 
ionization energies a..d/or electron affinities of the electron 
acceptor species equals approximately «*95.7rV where m and 
3 5 t arc integers. 
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An energy reacto, 50. „, accordance wi.h the invention 
•s shown ,„ RGURK 5 and comprises a vessel 52 which 
_ con.»„s an energy rcac .ion mtxturc 54, a hcai exchanger 60 
> nod a s ,eam generator 62. The hen. exchanger 60 absorbs 
hca, re ,eased by rhe shrinkage reaction, when ,he reaction 
mixiore. comprised of shrinkage materia), shrinks The beat 
-hanger exchanges beat w„h the steam generator 62 which 
absorbs hea, from , hc exchanger 60 and produces steam The 
I 0 energy reactor 50 further comprises a turb.ne 70 which 
receives steam from the steam generator 62 and snppHes 
mechanical power to a power generator 80 which converts the 
sieam energy into electrical energy, which can be received bv 
a »oad 90 to produce work or. for dissipat.on. * 
' 5 The energy reason mixture 54 comprises >„ energy 

"leas.ng material 56 including a source of hydrogen ,sot op e 
- cms or a source of molecular hydrogen .sotope. and a source 

energy ho,es 58 which resonantly remove approxtmately 
»«*_7.2lrV t0 cause atomic hydrogen "shrinkage" and 
-0 approxtmately M .6 eV w cause molecular hydrogen 
shrinkage" where m is an jmcger w ,, cre)n |he ^ 

-con occurs by contact of the hydrogen w„h the source of 
energy holes. The shrinks t . . 

shrunken atoms and/or molecules. 
2 -"> The source of hydrogen can be hydrogen gas 

diKocaiion of water inching thermal dissociat.on 
electrons of water, hydrogen from hydrides, or hydrogen 
from metal-hydrogen solutions. In all embod.ments the 
-source of energy holes can be one or more of an 
electrochemical, chemical, photocbem.cal. thermal, free rad.cal 
some, or nuclear reacon(s) or inelastic photon or particle ' 
scattering reae„o„(s). ,„ « hc latter two cases, the present 
.nvent.on of an energy reactor comprises a port.cle source 75b 
and/or photon source 75a to supply the said energy holes 1„ 
'hese cases, the energy hole corresponds to stimulated 
emisston by the photon or particle. )„ preferred . k r 
nf rtw. ■ , preitrred embodiments 

«f >»u pressurized gas energy and gas discharge reactors 
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shown i„ FIGURES 7 and 8. respectively, a photon source 75a 
dissociates hydrogen molecules to hydrogen atoms. The 
photon source producing photons of at least one energy of 
approximately mxil.2 1 rV , ~ X27.2) rV . or 40.8,1' causes 
5 stimulated emission of energy as the hydrogen atoms under"o 
ihe shrinkage reaction. In another preferred embodiment I 
photon source 75a producing photons of at least one energy of 
approximately mA'48.6 eV . 95.7 eV, or ««1.94 eV causes 
stimulated emission of energy as the hydrogen molecules 
1 0 undergo the shrinkage reaction. In all reaction mixtures, a 
selected external energy dev.ee 75. such as an electrode may 
be used to supply an electrostatic potential or a current 
(magnetic Held) to decrease Ihe activation energy of (he 
resonant absorption of an energy hole. In another 

1 5 embodiment, .he mixture 54, further comprises a surface or 

material to dissociate and/or absorb atoms and/or molecules 
of the energy releasing material 56. . Such surfaces or 
materials to dissociate and/or absorb hydrogen, deuterium, or 
tritium comprise an element, compound, alloy, or mixture of 

2 0 transition elements and inner transition elements, iron. 

platinum, palladium, zirconium, vanadium, nickel, titanium. Sc. 
Cr, Mn. Co, Cu. Zn. Y. Nb. Mo. Tc. Rn. Rh. Ag, Cd. La. Hf. Ta. VV. 
Re. Os. Jr. Au. Hg. Ce, Pr. Nd. Pm. Sm. Eu. Gd, Th. Dy. Ho, Er. Tm. 
VI). Lu. Th. Pa. U. activated charcoal (carbon), and intercalated 

2 5 Cs carbon (graphite). In a preferred embodiment, a source of 

energy holes io shrink hydrogen atoms comprises a catalytic 
energy hole material 58. typically comprising elec.rocatalyt.c 
•oris and couples that provide an energy hole of approximately 
mX27.2l<V plus or minus I eV. In a preferred embodiment, a 

3 0 source of energy holes to shrink hydrogen molecules 

comprises a catalytic energy hole material 58. typically 
comprising elcctrocatalytic ions and couple(s) including those 
thai provide an energy hole of approximately mXAZ.beV plus 
or minus 5 cV . The electrocatalytic ions and couple(s) include 
3 5 the clectrocatnlytk ions and couples described in my previous 
U S. Patent Applications entitled "Energy/Matter Conversion 
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Mcihj* and Cannes". ,„„,, No 0M67 051 

So "A 'PP'-ron of S „,a, 

No. 08/416.040 filed on April 3. ,995 xvbich k , , - 

' . J w »»cn js con inunhnn 
-pa,, a pp„ ci „„„ of Scria| N „ 08/|()7 35? on. 

5 16. 1993. wh,ch , S , con 1 i„ 0 ,,i„„.i„. pJM npp|j„, io „ of £ , 
No. 08/075.102 , Dh . 994,7, SW on L i^ToM ^ , 
o„,,„„a„on.i„.p ar , a„ pl ic a ,,on of Scna , N<) • J 
on Dcce„,he, 12.J990 which , s , co„,i„„a,io„.i„,, a „ 
npphcauon of Sena! No. 07/3.5.628 f,,ed Ap,i! 28 ,989 

0 /34, 733 ™' m '"-"" <* N » 

he e" h AP '" 2 '' ,98 ' « •—POrn.nO 

herein by reference. 

A fnnhc, embodimcn, , s , hc „„ cl „ „„„„„„„ 
source of ene,., nolcs iBCJmlj m clcaroca.alyUc ,o„\„ 
' S co,,plc<s, (source of energy holes, ,„ ,„c „,o„„ „, u , 
8 «no» s . or li(J sla , c an „ , s()urcc o( • 

hyd/Klcs and 8ascoos h> „ r0fcl , ,„ fc „ sc of ^ «■ 
wh.ch sh „„ ks hydrogen Moms , crabo(i „„ c „, fu 
con.pr.ses a mcans l0 (lissol , a , c „ )c 
- 0 a,o,„,c hyd,o f e„ ,„c,ud,„, „„ clcmtm J ™» 

--ere of irnnsnion elements. ,„„e, ,„„,,„„„ " 

P annuo, pn„ a(J , um . „ nictt , m 

Cr Mn. Co. (,.. y. Nfc . , te ,, „, 

C, «n£T, , aC " V,1 ' C " C " a ' ta " '""->• ""-ala.cd 

rtm lnm,,.) „, Ccc.ron.aancc rod.anon inc „ 8 uv 

llfhl provided by pl,„,„„ „„,,„ „ " S UV 

The prescn, i„v tl „,o„ of an clec.rolyhc cell ener.y 
"aero., prossn.iaed gas e „„ ?r an(| , » 

no, r'°; CO, " P " ! " : ' S "" r " °»= of a so ld 

■note.. |„n,d. a „d 8 aro„„ s S0UICC „, cne , gy ho|cs . ^ 

he sh„nka f roacuon occurs hy con.ac, of ,hc hydros »i„, 

>5 (molccnfar, .owcenergy hydrooen so as ,„ „, CVC1 „ \„ 

crown* sh.inkase ,,„,„ [olmng ,„ br 

I he presen, ciK=r g , ,„ve„„o„ is f, 1Ichc , dcsc , jt)e<t „, 
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previous U.S. Patent Applications entitled "Energy/Matter 
Conversion Methods and Structures". Serial No. 08/467,05] 
filed on June 6. 1995 which is a continuation-in-part 
npplicaiion of Serial No. 08/416.040 filed on April 3. 1995 
5 which is a continuation -in-part application of Serial No 

08/107,357 filed on August 16. 1993. which is a contint.at.on- 
in-part apphcation of Serial No. 08/075.102 (Dkt. 99437) iiled 
on June 11. 1993, winch ,s a conH»uat,on-m-part application 
of Scnal No. 07/626,496 filed on December 12.1990 which ,s a 
10 continuation-in-part appl,cation of Serial No. 07/345.628 filed 
April 28. 1989 which is a continuation-in-part application of 
Serial No. 07/341.733 filed April 21. 1989. and my 
publ.eations. Mills. R.. Kne.zys. S.. f usion Technology. 210 
(1991). pp. 65-81; Mills. R.. Good. W.. Shauhach, R., "Djhydrino 
15 Molecule Identification". Fusion Technology. 25. 103 (1994) 
Mills. R., Good. W.. "Fractional Quantum Fnergy Levels of 
Hydrogen". Fusion Technology, Vol. 28. No 4. November 
(1995). pp. 1697-1719 which are incorporated herein by 



2 0 



reference. 



JIleojoJj^Lc_F^ 

An electrolytic energy reactor is described in my 

' >'» w g) / iviAiic i 

Conversion Methods and Structures". Serial No. 08/467.051 
25 filed on June 6. 1995 which is a continuation-in-part 

application of Serial No. 08/416.040 filed on April 3, 1995 
which is a continuation-in-part applicai.on of Serial No. 
08/107.357 f.led on August 16, 1993. which is a continnat.on- 
in pan application of Serial No. 08/075.102 (Dkt. 99437) filed 
30 on June 11. 1993. which is a con.imiat.on. in-part application 
of Serial No. 07/626.496 filed on December 12.1990 which is a 
continuation-in-part application of Serial No. 07/345.628 filed 
April 28. 1989 which is a con.inuai«on ,n-part apphcation of 
Serial No. 07/341.733 filed April 21. 1989 which arc 
3 5 incorporated herein by reference. A preferred embodiment of 
the energy reactor of the present invention comprises an 
electrolytic cell forming the reaction vessel 52 of FIGURE 5 
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carhorlc ,06. a „d 0,e bydro f e„ c a „ be oaldlzc „ „, " ™ 
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con d e„ s „r ,40 on .be ,„p of „,e vesse, ,00. The ea" e 
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and ,be condcnsed „„, „ „ c ^ ^ 

The ,owe,.e„e, s , slalc nyd , ogc „ „„ fcc ^ «• 
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.op of the condenser HO. In one embodiment (he condensor 
contains a hydrogen/oxygen rccombiner 145 that contacts the 
evolving clecolyt.c pases The hydrogen and oxygen are 
rccombined. and the resulting water can be returned to the 
5 vessel 100. The heat released from the exo.herm.c reaction 
whereby the electrons of the electronically produced 
hydrogen atoms (molecules) arc induced to undergo 
transitions to energy levels below the "ground state" and the 
heat released due to the recombination of the electronically 
1 0 generated normal hydrogen and oxygen can be removed by \ 
heat exchanger 60 of FIGURE 5 which can be connected to the 
condensor 140. 

In vacuum, in the absence of external fields, the energy 
hole to stimulate a hydrogen atom (molecule) to undergo a 
J 5 shrinkage transition is mX21.2\eV (mX48.beV) where m is an 

integer. This resonance shrinkage energy can be altered when 
the atom (molecule) is in a media different from vacuum. An 
example is a hydrogen atom (molecule) absorbed to the 
cathode 106 present in the aqueous electrolytic solution 102 
2 0 hav.ng an applied electric f.eld and an intrinsic or applied 

magnetic Held provided by external magnetic Held generator 
75. Under these conditions the energy hole required can be 



s!?gh!!y different from 27. 1\ e\* { 4 v * rV) 7"h»~ 



25 



of energy holes including clectrocatalytic ion and couple 
reacianis can be selected which has a redox (electron transfer) 
energy resonant with the resonance shrinkage energy when 
operating under these conditions. In the case where a nickel 
cathode 106 is used to clectrolyzc an aqueous solution 102 
where the cell is operating within a voltage range of J 4 to 5 
3 0 volts, the K+/K+ and Rb+ (F e 3+/Li+ and Sc^/Sc^) 

clectrocatalytic ,ons and couples are preferred embodiments 
lo shrink hydrogen atoms (molecules). 

The cathode provides hydrogen atoms (molecules), and 
'be shrinkage reaction occurs at the surface of the cathode 
3 5 where hydrogen atoms (molecules) and the source of cner«y 
holes (elcctrocatalytic ion or couple) arc in contact. Thus. The 
shrinkage reaction can be dependent on the surface area of 
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-he cathode. For a constant current density, giving a constan( 
concentration of hydrogen atoms (molecules) per unit area an 
increase in surface area increases the rcactams available to 
undergo the shrinkage reaction. Also, an increase in cathode 
5 surface area decreases the resistance of the electrolytic cell 
which improves the electrolysis efficiency. A preferred 
cathode of the electrolytic cell including a nickel cathode has 
the properties of a high surface area, a highly .stressed and 
hardened surface such as a cold drawn or cold worked surface 
I 0 and a large number of grain boundaries. 

In a preferred embodiment of the electrolytie cell 
energy reactor, the source of energy boles can be incorporated 
into the cathode, mechanically by methods including cold 
working the source of energy holes into the surface of the 
cathode; thermally by methods including melting the source of 
energy holes into the surface of the cathode and evaporation 
of a solvent of a solution of the source of energy holes in 
contact wi,h the surface of the cathode, and electrostatically 
by methods including electrolytic deposition, ion 
2 0 bombardment, and vacuum deposition. 

The shrinkage reaction rate can be dependent upon the 
composition of the cathode 106 Hydrogen atoms (molecules) 
arc rcactams to produce energy via the shrinkage reaction. 
Thus, the cathode must efficiently provide a high 
concentration of hydrogen atoms (molecules). The cathode 
106 can be comprised of any element, compound, alloy, or 
mixture of a conductor or semiconductor including transition 
elements and compounds, ac.inide and lanthanidc elements 
and compounds, and group IIIB and |VB elements and 
compounds. Transition metals dissociate hydrogen gas into 
atoms to a more or lessei extent depending on the metal. 
Nickel and titanium readily dissociate hydrogen molecules and 
are preferred embodiments for shrinking hydrogen atoms. 
The cathode can alter the energy of the absorbed hydrogen 
atoms (molecules) and affect the energy of the shrinkage 
rcaciion. A cathode material can be selected which provides 
resonance between the energy hole and .he resonance 
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shrinkage energy. In the case of the K+/K 4 clectrocatalytic 
couple with carbonate as the counterion for caialv/inu the 
shrinkage of hydrogen atoms, the relationship of the cathode 
material to the reaction rale can be: 
5 Pt<Pd« Ti.Fe<Ni 

This can be the opposite order of the energy released 
when these materials absorb hydrogen atoms. Thus, for this 
clectrocatalytic couple, the reaction rate can be increased by 
using a cathode which weakly absorbs the hydrogen atoms 
1 0 with little perturbation of their electronic energies. 

Also, coupling of resonator cavities and enhancement of 
the transfer of energy between them can be increased when 
the media is a nonlinear media such as a magnetized 
ferromagnetic media. Thus, a paramagnetic or ferromagnetic 
) 5 cathode, a nonlinear magnetized media, increases the reaction 
rate by increasing the coupling of the resonance shrinkage 
energy of the hydrogen atom and energy hole comprising an 
clectrocatalytic ion or couple. Alternatively, a magnetic field 
can be applied with the magnetic field generator 75. Magnetic 
2 0 fields at the cathode alter the energy of absorbed hydrogen 
and concomitantly alter the resonance shrinkage energy- 
Magnetic fields also perturb the energy of the clectrocatalytic 
reac'ior.s (energy hole) by altering »h<* energy IcvrU of ihp 
electrons involved in the reactions. The magnetic properties 

2 5 of the cathode are selected as well as the strength of the 

magnetic field which is applied by magnetic field generator 75 
to optimize shrinkage reaction rate-the power output. A 
preferred ferromagnetic cathode is nickel. 

A preferred method to clean the cathode of the 

3 0 electrolytic cell including a nickel cathode is to anodize the 

cathode in a basic electrolytic solution including approximately 
0.57 M X2CO3 (X is the alkali cation of the electrolyte including 
K + ) and to immerse the cathode in a dilute solution of H2O0 
such as approximately 3% H2O2- in a further embodiment of 
3 5 the cleaning method, cyclic voltametry with a second electrode 
of the same material as the first cathode is performed. The 
cathode can be then thoroughly rinsed with distilled water. 
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Organic materia] on the surface of the cathode inhibits the 
catalytic reaction whereby the electrons of the electrolyt.calh 
produced hydrogen atoms (molecules) arc induced to undergo 
transnions 10 energy levels below the "ground state". Cleanm 
5 by this method removes the organic material from the caihod 
surface and adds oxygen atoms onto Hie cathode surface. 
Doping the metal surface, including a nickel surface, with 
oxygen atoms by anodizing the cathode and cleaning the 
cathode in H 2 0 2 increases the power output by decreasing 
10 hydrogen recombination to molecular hydrogen and by 
decreasing the bond energy between the metal and the 
hydrogen atoms (molecules) which conforms the resonance 
shnnkage energy of the absorbed hydrogen to the energy hole 
provided by the source of energy holes including the K+/K + 
1.5 (Sc 3+ /Sc 3+ ) electrocatalytic couples. 

Different anode materials have different ovcrpotentials 
for the oxidation of water, which can affect ohmic losses. An 
anode of low overpotenlial will increase the efficiency. Nickel 
platinum. an d dimcnsionally stable anodes including platinized 
2 0 titanium arc preferred anodes. In the case of the K+/K + 
electrocatalytic couple where carbonate is used as the 
counterion. nickel is a preferred anode. Nickel is also a 
preferred anode 

cathode. Nickel ,s inexpensive relative to platinum, and fresh 
2--) nickel can be electroplated onto the cathode during . 
electrolysis. 

A preferred method to clean a dimcnsionally stable 
anode including a platinized titanium anode is to place the 
anode in approximately 3 M HC1 for approximately 5 minutes 
3 0 and then to rinse it with distilled water. 

In the case of hydrogen atom shrinkage, hydrogen atoms 
at the surface of the cathode 106 form hydrogen gas which 
can form bubbles on the surface of ihe cathode. These 
bubbles act as an boundary layer between the hydrogen 
3 5 aioms and the electrocatalytic ion or couple. The boundary 
can be ameliorated by vibrating the cathode and/or the 
electrolytic solution 102 or by applying ultrasound with 
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Vibrating means .12; and by adding welling agents ,„ Ihe 
electrolytic soluiion 102 to reduce the surface .ension of the 
water and prevent bubble formation. The use of a cathode 
having a smooth surface or a wire cathode prevents gas 
5 adherence. And an intermittent current, provided by an on- 
off circuit of power controller 108 provides periodic 
rcplen.shing of hydrogen atoms which are dissipated by 
hydrogen gas formation followed by diffusion into the solution 
while preventing excessive hydrogen gas formation which 
1 0 could form a boundary layer. 

The shrinkage reaction can be temperature dependent 
Most chemical reactions double their rates for each 10 °C rise 
in temperature. Increasing the temperature increases the 
collision rate between the hydrogen atoms (molecules) and the 
) 5 electrocatajyt.c ,on or couple which will increase the shrinkage 
reaction rate. With large temperature excursions from room 
temperature, the kinetic energy distribution of the reactants 
can be sufficiently altered to cause the energy hole and the 
resonance shrinkage energy to conform to a more or lesser 
2 0 extent. The rate can be proportional to the extent of the 

conformation or resonance of these energies. The temperature 
can be adjusted to opt.m.ze the shrinkage reaction rate-energy 
production rate. In the case of the K + /.K f e'ectrocatal-ric 
couple, a preferred embodiment can be to run the reaction at a 

2 5 temperature above room temperature by applying heat with 

heater 114. 

The shrinkage reaction can be dependent on the current 
density. An increase in current density can be equivalent, in 
some aspects, lo an increase in temperature. The collision rate 

3 0 increases, and the energy of the rcac.an.s increases with 

current density. Thus, the rate can be increased by incrcasin« 
the collision rate of the reactants; however, the rate may be " 
increased or decreased depending on the effect of the 
increased reaciam energies on the conformation of the energy 
3 5 hole and the resonance shrinkage energy. Also, increased 
current dissipates more energy by ohmic heating and may 
cause hydrogen bubble formation, in the case of the shrinkage 
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of hydrogen moms. But, a high flow of gas may dislodge 
bubbles which diminishes any hydrogen gas boundary layer. 
The current density can be adjusied with power controller 1 08 
to optimize the excess energy production In a preferred 
5 embodiment, the current density can be in the range l to 
1000 milliamps per square centimeter. 

The pH of (he aqueous electrolytic solution 1 02 can 
affect the shrinkage reaction rate. In the case that the 
eiecirocatalytic ion or couple is positively charged, an increase 
) 0 in the pH will reduce the concentration of hydronium at the 
negative cathode: thus, the concentration of the 
eiecirocatalytic ion or couple cations will increase. An increase 
in rcactant concentration increases the reaction rate In the 
case of the Rb- or K+/K+ (Sc^/Sc^) ion or couple, a preferred 

1 5 pH can be basic {7. 1- 14). 

The counterion of the eiecirocatalytic ion or couple of the 
electrolytic solution 102 can affect the shrinkage reaction rate 
by altering the energy of the transition state. For example, the 
transition state complex of the K+/K+ eiecirocatalytic couple 

2 0 with the hydrogen atom has a plus two charge and involves a 

three body collision which can be unfavorable. A negative two 
charged oxyanion can bind the two potassium ions; thus, it 
provides a neutral transition state complex of lower ener— 
whose formation depends on a binary collision which can be 

2 5 greatly favored. The rate can be dependent on the separation 

distance of the potassium ions as pan of the complex with the 
oxyanion. The greater the separation distance, the less 
favorable can be the transfer of an electron between them. A 
close juxtaposition of the potassium ions will increase the rate. 

3 0 The relationship of the reaction rate 10 the counterion in the 

case where the K + /K + couple is used can be : 

OH' < f'0-\ HPO\- < SO;' « COl 
Thus, a planar negative two charged oxyanion including 
carbonate with at least two binding sites for K+ which provides 
3 5 close juxtaposition of the K+ ions can be preferred as the 

counterion of the K+/K+ eiecirocatalytic couple. The carbonate 
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counterion can be also a preferred counterion for the Rb+ 
elcctrocatalytic ion. 

A powe; conuollcr 108 comprising an imermmcol 
current, on-off, electrolysis circuit will increase the excess hen 
5 by providing optimization of the electric field as a f»,nc llo „ 0 f 
Ume which provides maximum conformation of reactant 
energies, proves an opumal concentrator, of hydrogen atoms 
(molecules) while minimizing ohmic and electrolysis power 
losses and. in the case of the shrinkage of hydrogen atoms 
1 0 mmurnzes the formation of a hydrogen gas boundary layer 

The frequency, duty cycle, peak voltage, step waveform peak 
current, and offsc. voltage are adjusted to achieve the optimal 
shrmkage reaction rate and shrinkage reaction power while 
minimizing ohmic and electrolysis power losses. In the case 
15 where the + elcctrocatalytic couple can be used with 

carbonate as the counterion; nickel as the cathode, and 
platinum as the anode, a preferred embodiment can be to use 
an intermittent square-wave having an offset voltage of 
approximately 1.4 volts to 2.2 volts; a peak voltage of 
2 0 approximately 1.5 vol.s , 0 3.75 volts; a peak current of 
approximately 1 mA to 100 mA per square centimeter of 
cathode surface area; approximately a 5%-90% duly cycle; and 
•'' frequency in the range of .' Hz to 1500 Hz 

Furlher energy can be released by repeating the 

2 5 shrinkage reaction. The atoms (molecules) which°have 

undergone shrinkage diffuse into the caihodc lattice. A 
cathode 106 can be used which will facilitates multiple 
shrinkage reactions of hydrogen atoms (molecules). One 
embodiment is to use a caihodc which can be fissured and 

3 0 porous to the elecirocatalytic ion or couple such that it can 

coniact shrunken atoms (molecules) which have diffused into 
a lattice, including a metal lattice A further embodiment ,s to 
use a cathode of alternating layers of a material which 
provides hydrogen aioms (molecules) during electrolysis 
3 5 including a transition metal and an elcctrocatalytic ion or 
couple such that shrunken hydrogen atoms (molecules) 
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periodically or repetitively diffuse into contact wj,h the 
clectrocaialytic ion or couple. 

The shimkage reaction can be dependent on the 
dielectric constant of .he media. The dielectric constant of the 
:> media alters the electnc field at the cathode and 

concomitantly alters the energy of the rcactams Solvents of 
d.ffcrent dielectric constants have d.ffercnt solvation energies 
and .he d.elcc.ric constant of the solvent can also lower .he •' 
ovcrpo.cn.ial for elcc.rolys.s and .mprovc electrolysis 
1 0 effic.ency. A solvent, including water, can be selected for the 
electrolytic solut.on 102 which op.imizes .he conformation of 
Ihe energy hole and resonance shnnkage energy an d 
maximizes the efficiency of electrolysis. 

The solubility of hydrogen in .he reaction solution can be 

1 5 d.rccily proportional ,o the pressure of hydrogen above the 

solut.on. Increasing the pressure mcreases the concen.ration 
of reactant hydrogen atoms (molecules) at the cathode 106 
and thereby mcreases the rate. Bui. ,n the case of the 
shrinkage of hydrogen atoms .his also favors the development 

2 0 of a hydrogen gas boundary layer. The hydrogen pressure can 

be controlled by pressure regulator means 116 to opt.m.ze the 
shrinkage reaction rate. 

In a preferred embodiment, the csihode !06 of the 
electrolytic cell comprises the catalytic material mcluding a 
2> hydrogen spillover catalyst described ,n ,| )e Pressurized Gas 
Energy Reactor Sect.on below. | n another embodiment the 
cathode comprises multiple hollow vessels comprising a thin 
film conducve shell whereby lower-energy hydrogen 
diffuses through the «hin Him and collects inside each vessel 
3 0 and undergoes d.sproportionation reactions .herein. 

The bea. output can be monitored with thermocouples 
present in a. least the vessel 100 and ,he condensor 140 of 
FIGURE 6 and the heat exchanger 60 of FIGURE 5. The output 
power can be controlled by a eompu.crized monitor,.^ and 
3 5 control system which monitors .he thermistors and controls 
ihe means to alter the power output. 
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Pressu rized Gas F.nrrg y Rcactoi 

A pressurized gas energy reacto. comprises the first 
vessel 200 of FIGURE 7 containing a source of hydrogen 
including hydrogen from metal-hydrogen solutions, hydrogen 
5 from hydndes. hydrogen from the dissociation of water 

including thermal dissociation, hydrogen from the electrolysis 
of water, or hydrogen gas. In the case of a reactor which 
shrinks hydrogen atoms, the reactor further comprises a 
means to dissociate the molecular hydrogen into atomic 
1 0 hydrogen such as a dissociating material including an element 
compound, alloy, or mixture of transition elements and inner ' 
transition elements, iron, platinum, palladium, zirconium 
vanadium, nickel, titanium. Sc. Cr. Mn. Co. Cu.Zn Y Nb Mo Tc 
Ru. RJ). Ag. Cd, La. Hf. Ta. W, Re, Os. I,. Au. Hg. Ce. Pr Nd Pm ' 
Sm. Em. Gd. Tb. Dy. Ho. Br. Tm. Vb. Lu. Th. Pa. U. activated 
charcoal (carbon), and intercalated Cs carbon (graphite) or 
electromagnetic radiation including UV light provided by 
photon source 205 such thai the dissociate*) hydrogen atoms 
(molecules) contact a source of energy holes including a 
molten, liquid, gaseous, or solid source of the energy "holes 
including the clectroca.alytic ions and couples described in my 
previous U.S. Paten. Applications entitled "Energy/Matter 
Conversion Methods and Structures", Sen;..! No. 08/467 05 i 
filed on June 6. 1995 which is a continua.ion-in-pan " 
application of Serial No. 08/416.040 filed on April 3. 1995 
which is a coniinuanon-in-part application of Serial No. 
08/107,357 filed on August 16. 1993. which is a continuation- 
m-part application of Serial No. 08/075.102 (Dkl. 99437) filed 
on June 11. 1993. which is a con.inua.ion-,„- par , application 
of Serial No. 07/626.496 filed on December 12.1990 which is a 
continuation-in-part application of Sena) No. 07/345.628 filed 
April 28, 1989 which is a continuation-in-part application of 
Serial No. 07/341.733 filed April 2). 1989. which arc 
incorporated herein by reference. The pressurized gas energy 
reactor further comprises a means 20) 10 remove the 
(molecular) lower-energy hydrogen such as a selective venting 
valve to prevent the exothermic shrinkage reaction from 
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coming , 0 equilibrium. One embodiment comprises heat pipe, 

; S CXChanfiCr 60 »< 5 which have a lowcr-cnc' 

hydrogen venting valve a, a cold spoi. " 

A preferred embodiment of the pressurized gas energy 

rr 2 ° 0 ,he r scn ' " ,ven,,on ~* ■ «■« 

vessel 200 w„h Inncr surfacc 240 compnscd Qf a 

ll,i OC,a,C ,he hydrogen in.o atomic hydro.cn 

including an element, compound, alloy or mixture J, 
elememc ™ i mixture of transition 

demems and ,n„cr transition elements, ,ron. p, at! „ ltII1 . 
0 palladium, zirconium, vanad.um. n.clcel. than,™, Sc Cf Mj) 
Co. Cu. Zn. Y. Nb. Mo. Tc. R u . «, Ag> Cd . u Hf Ja ^ £ ' 
A«. Hg. Cc. P, Nd. ,>m. Sn, Eu. Gd. Tb. Dy. Ho. Er, Tn, Vb. L u 
in. la. U. activated charcoal (carbon), and intercalated C $ ' 
carbon (graphite). ,n a further embodiment, the inner surface 

l ^oVT^, 0 ! a pro,on conduc,or - Thc «»• 

vessel 200 can be sealed ,n a second reaction vessel 220 and 

e r;°f cn from sm,rcc 221 ^ «■ 

^ f)rCSS " rC —men, and centre, means 
and 223. In a preferred embodiment the hydrogen 
P-ssurc can be ,„ ,he range of .0 ' atmospheres to .00 
atmospheres. The wall 250 of the firs, vessel 200 can be 

wscl 220 has a source of energy holes eoual ,„ lh „ ,™_„ 
shrinkage energy. ,„ one embod.men, the' source of enZy"^ 
holes can be a mixture or solution containing energy holes in 
c molten. |, quid . or solid state. In another embodiment an 
Icc.nc current can be passed through the material having a 

o el' h0 ' eS - ™« ^ -P-s a means 

o control the reaction rate such as current source 225 and 

hcat.ng means 230 which heat the first reaction vessel 200 
and the second reaction vessel 220. m a preierrcd 
embodiment the outer reaction vessel 220 contains oxygen 
■he ■»■*, surface 2,0 comprises one or more of a coa, of ' 
mckel platinum, or palladium. The outer surface 245 can be 
coated wi,h one or more of copper, tellurium, arsenic cesium 
Platinum, or palladium and an wide such as 
CO.. Pro.. MnO, % AIO t . S.O.. The e.ectroeatalytic ion or 
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couple can be regenerated spontaneously or via a regeneration 
means including healing means 230 and curreni source 225 

In another embodiment, the pressurized gas energy 
reactor comprises only a single reaction vessel 200 with a 
5 hydrogen impermeable wall 250. in the case of a reactor 
which shrinks hydrogen atoms, one or more of a hydrogen 
dissociating mater, als including transition elements ' and inner 
transition elements, iron, platinum, palladium, zirconium, 
vanadium, nickel, utanium. Sc. Cr. Mn. Co. Cu. Zn Y Nb Mo Tc 
1 0 Ru. Rh. Ag. Cd. La. Hf, Ta, W. Re. Os, !r. An. Hg. Cc. Pr. Nd Pm 
Sm, Eu, Gd. Tb. Dy, Ho. Er. Tm, Vb. Lu. Th. Pa. U. activated 
charcoal (carbon), and intercalated Cs carbon (graphiie) are 
coated on the inner surface 240 with a source of energy holes 
including one or more of copper, tellurium, arsenic. c«ium. 
1 5 platinum, or palladium and an oxide such as 

CuO,. PiO„ PdO„ MnO„ MO,. SiO,. In another embodiment, the 
source of energy hole can be one of a inelastic photon or 
particle scattering reactions). In a preferred embodiment the 
photon source 205 supplies the energy holes where the energy 
2 0 hole corresponds to stimulated emission by the photon. In the 
case of a reactor winch shrinks hydrogen atoms the photon 
source 205 dissociates hydrogen molecules into hydrogen 
atoms. The photon source producing photons of ;>i least o»c 
energy of approximately m*27.2l eV . -X21.21 eV. or 40.8 rV 

2 5 causes stimulated emission of energy as the hydrogen atoms 

undergo the shrinkage reaction. In another preferred 
embodiment, a photon source 205 producing photons of at 
least one energy of approximately mXAZ.b eV , 95.7 e V, or 
mX3\.94eV causes stimulated emission of energy as the 

3 0 hydrogen molecules undergo the shrinkage reaction. 

A preferred inner surface. 240. and outer surface, 245. 
of the pressurized gas energy reactor including a nickel 
surface has the properties of a high surface area, a highly 
stressed and hardened surface such as a cold drawn cold 
3 5 worked surface, and a large number of grain boundaries. 
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in an embodiment of the pressurized pas energy reactor 
the source of energy holes can be incorporated into the inner 
surface. 240. and outer surface. 245. mechanically by methods 
mcludins cold working the source of energy holes into the 
5 surface material and thermally by methods including mcl«i„n 
•he source of energy holes into the surface material (fusion) ' 
Hmher methods of incorporation include dry impregnate' 
evaporation of a solution of the source of energy holes ,„ 
contact with the surface material (precipitation) ion 
I 0 bombardment, vacuum deposition, impregnation, leach.ng and 
electrostatic incorporation including electrolytic deposition and 
electroplating. A preferred method to clean the inner surface 
240 and the outer surface 245 including a n.cke) surface is to 
fill the ,nner vessel and the outer vessel with a basic 
I -■> electrolytic solution including approximately 0.57 M X 2 C0 3 (X 
is 'he alkali cat.on of the electrolyte including K+) and ,<> fill 
the i„„cr vessel and the outer vessel with a dilute solution of 
H202. Bach of the inner vessel and the outer vessel can he 
then thoroughly rinsed with distilled water In one 
2 0 embodiment, at least one of the vessel 200 or the vessel 220 
can be then filled with a solution of the energy hole including 
an approximately 0.57 M K2CO3 solution. 

In a further embodiment, tcxtural am f/or c.r, „„.,.., 
promoters are incorporated with the source of energy" holes to 
^ increase the shrinkage reaction rate. 

In one embodiment of the method of operation of the 
pressurized gas energy reactor, hydrogen can be introduced 
ins.de of the f,rst vessel from source 221 under pressure 
wh.ch can be controlled by pressure control means 222 |„ 
the case of a reactor which shrinks hydrogen atoms, the 
molecular hydrogen can be dissociated into atomic hydrogen 
by a d.ssocat.ng material or electromagnetic radiation 
.nclud.ng UV „ gh , proV)ded by pho|on s(>(jrcc m ^ ^ 

•he d.ssocaied hydrogen atoms contact a source of energy 
holes including a molten, liquid, gaseous, or solid source of the 
energy holes. The atomic (molecular) hydrogen releases 
energy as its electrons are stimulated ,0 undergo transitions ,o 
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lower energy levels by the energy holes. Ahcrnaii vcly. the 
hydrogen dissociates on the inner surface 240. diffuses though 
ihc wall 250 of the first vessel 200 and contacts a source of 
energy holes on the outer surface 245 or contact a source of 
5 energy holes including a molten, liquid, gaseous, or solid 

source of the energy holes as hydrogen atoms or recombined 
hydrogen molecules. The atomic (molecular) hydrogen 
releases energy as its electrons arc stimulated to undergo 
transitions to lower energy levels by the energy holes. The 
1 0 electrocatalytic jon or couple can be regenerated 

spontaneously or via a regeneration means including hcatine 
means 230 and current source 225. The (molecular) lower- 
energy hydrogen can be removed from vessel 200 and/or 
vessel 220 by a means to remove the (molecular) lower- 

1 5 energy hydrogen such as a selective venting valve means 20] 

which prevents the exothermic shrinkage reaction from 
coming to equilibrium. To control the reaction rate (the power 
output), an electric current can be passed through the material 
having a source of energy holes equal to the resonance 

2 0 shrinkage energy with current source 225, and/or the first 

reaction vessel 200 and the second reaction vessel 220 are 
heated by heating means 230. The heat output can be 
monitored wirh thermocouple? pr^cni j« »r i^ct iu f»«s' 
vessel 200, the second vessel 220, and the heat exchanger 60 

2 5 of FIGURE 5. The output power can be controlled by a 

computerized monitoring and control system which monitors 
the thermistors and controls the means to alter the power 
output. The (molecular) lower-energy hydrogen can be 
removed by a means 201 to prevent the exothermic shrinkage 

3 0 reaction from coming to equilibrium. 

A method of preparation of the catalytic material of the 
present invention of catalytic systems that hinge on the 
transfer of an electron from a cation to another capable of 
producing energy holes for shrinking hydrogen atoms includes 
3 5 the steps of: 

♦ Mixing the oxides of the cations with the hydrogen 
dissociating material. 
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• Thoroughly mixing by repeatedly sintering and pulverizing. 

E&iUDpi£_oLa-£ f ramie Catalytic J&Uaial^_3liQMium Niobium 
-dxJjk_(Sr NJ)?Q6 loilJiLjiowger; 
5 To prepare ihc ceramic catalytic material: strontium 

niobium oxide (SrNb 2 0 6 ) on Ni powder, 2.5 kg of SrNb 3 0 6 are 
added to 1.5 kg of -300 mesh Ni powder. The materials are 
mixed to make a homogeneous mixture. The powder can be 
sintered or calcinated in an oven at J600X in atmospheric air 
I 0 for 24 hours. The materia! can be cooled and ground to 

remove lumps. The material can be re-sintered at J600°C in 
air for another 24 hours. The material can be cooled to room 
temperature and powdenzed. 

A method of preparation of the catalyt.c material of the 
15 present invention of catalytic systems that hinge on the 
transfer of an electron from a cation to another capable of 
producing energy holes for shrinking hydrogen atoms includes 
the steps of. 

• Dissolving ionic sails of the cations into a solvent. In a 
2 0 prcfeired embodiment, the ionic salts arc dissolved in 

deionized dcmincralizcd water to concentration of 0.3 to 0.5 
molar. 

1 "' » * -••»«•»»»•••.«.»».• ihji^ioi «r'i»ii iiic ui^soivcti 
sail solution. 

2 5 • Draining the excess solution. 

• Drying the wetted dissociation materia) in an oven 
preferably nt a temperature of 220 °C. 

• Pulverizing the dried catalytic material into a powder. 

3 ° E*amp'e of a Ionic Catalytic Material- Po» a ..;.. m Cajbonaje 

LK?COi ) on Ni Powder 

To prepare the ionic catalytic material: potassium 
carbonate (K 2 C0 3 ) on Ni powder, a 1 liter solution of 0.5 M 
K 2 C0 3 in water is poured over 500 grams of -300 mesh Ni 
3 5 powder The materials are stirred to remove air pockets 

around the grams of Ni. The excess solution can be drained 
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off. The powder can be dried in an oven at 200°C. If 
necessary the material can be ground ,<> remove lumps. 

Hydrogen Spillover r^ml Y cic 
=> In a preferred embodiment, the source of hydrogen 

atoms for the catalytic shrinkage reaction comprises a " 
hydrogen spillover catalyst. 

A hydrogen spillover catalyst according to the present 
invention comprises: 

10 * A hyd rogen dissociation ^mM&ml.^iLJMmi which forms free 
hydrogen atoms or protons; 

' A conduit materi al onto which free hydrogen atoms spill and 
which supports free, mobile hydrogen atoms and provides a 
path or conduit for the flow of hydrogen atoms or protons 

1 5 A source of att aUffilfiS which catalyze the shrinkage 

reaction, and optionally 

• A sup port material into winch the former materials are 

embedded as a mixture, compound, or solution. 

Suc » ilYdropen diagaaiifflL-jnaiaialS include surfaces or 

2 0 materials to dissociate hydrogen, deuterium, or tritium 

comprise an clement, compound, alloy, or mixture of transition 
elements and inner transition elements, iron, platinum. 
paHadiasn. zirconium, vanadium, nickel. Itanium. Sc. Cr Mr. 



Co. Cu. Zn. Y. Nb. Mo. Tc. R». Rh. Ag. Cd. La. Hf. Ta W Re Os !i 

2 i Au. Hg. Cc. Pr. Nd. Pm. Sm. En. Cd. Tb. Dy; Ho. Er, Trn. Vb. Lu. 

Th, Pa. U. activated charcoal (carbon), and intercalated Cs 
carbon (graphite). Such conduit majerjals onto which free 
hydrogen atoms spill and which supports free, mobile 
hydrogen atoms and which provides a path or conduit for the 

3 0 flow of hydrogen atoms include nickel, platinum, carbon, tin 

•ron, aluminum, and copper and (heir compounds, mixtures, or 
alloys 1„ an embodiment, such support ma.^ialc imo which 
the former materials are embedded as a mixture, compound 
or solution includes carbon, silica, nickel, copper, mania, zinc 
3^ ox.de. chromia. magnesia, zircon.a. alumina, silica-alumina, and 
zeolites. In an embodiment, one or more of the other 
components are deposited on the support material by 
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electroplating. The sm^^nej«y_] u >lcs to cans.: atomic 
hydrogen "shrinkage" are preferably of approximately 
mX27.2l*V and/or to cause molecular hydrogen "shrinkage- 
are of approximately mX4t.6eV where m is an integer 
5 including the electrocaialytic ions and couples described ,n my 
previous U.S. Patent Applications entitled "Energy/Matter 
Conversion Methods and Structures". Serial No. 08/467 051 
f.led on June 6. 1995 which is a continuation-in-part 
application of Serial No. 08/416,040 filed on April 3, 1995 
1 0 which is a continuation-in-part application of Serial No 

08/107.357 fried on August 16. 1993. which is a continuation- 
tn-part application of Serial No. 08/075.102 (Dkt 99437) filed 
on June 11. .993. which is a continuation- in- pan application 
of Scnal No. 07/626.496 filed on December 12.1990 wh.ch is a 
15 continuation-impart application of Serial No. 07/345.628 filed 
April 28. 1989 wh.ch is a cont,nua.ion-,n-pan application of 
Serial No. 07/341.733 filed April 21. 1989. winch are 
.incorporated herein by reference. The counterion of the 
energy hole of the spillover catalyst includes those g.ven .n 
2 0 the Handbook of Chemistry and Physics. Robert C. Weasl 
Editor, 58 ih Edition. CRC Press. West Palm Beach. Florida 
(1974) pp. B61-BJ78 wh.ch ,s incorporated by reference 
herein, organic ions including benzoic acid, phthalaic. 
salicylate, ary! sulfonate, alky sulfate, alkyl sulfonate, and 

2 5 alkyl carboxylate. and the anion of an acid winch forms an 

add anhydride including sulfite, sulfate, carbonate, 
bicarbonate, nitrite, n.tra.e. perchlora.e. phosphite, hydrogen 
phosphite, dihydrogen phosphite, phosphate, hydrogen 
phosphate, and dihydrogen phosphate. In another 

3 0 embodiment the anion can be in equilibrium with its add and 

its acid anhydride. 

The functionalities of the hydrogen spillover catalyst are 
combined with the other functionalities as separate spece, or 
as combinations comprising a mixture, solution, compound, or 
3 5 alloy of more than one functionality For example, in one 
embodiment, the hydrogen dissociation material and the 
source of energy holes each cornpr.se homogeneous crystals- 
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each crystal contains one component, and these functionalities 
arc mixed with the conduic material without a support 
material. Whereas, in another embodiment, the hydrogen 
dissociation material and the source ol energy holes comprise 
heterogeneous crystals-each crystal contains both of the 
components, and the heterogeneous crystals are mixed with 
the conduit material which coats a suppon material. In a 
third exemplary embodiment, the source of energy holes can 
be embedded in the conduit material, and this combined 
species can be mixed with the hydrogen dissociation material 
which can be embedded in the same or a different conduit 
material without a support material. 

A method of preparation of the hydrogen spillover 
catalytic materia! of the present invention includes the steps 
15 of: 

• Mixing the components of the spillover catalyst by the 
method of incipient wetness impregnation. 

• Thoroughly mixing the components by sintering, 

A further method of preparation of the hydrogen 
2 0 spillover catalytic material of the present invention includes 
the steps of: 

- Dissolving or dispersing the components to be mixed in a 
Suitable soivcjji such as waier and drying the solution or 
mixture. 

2 5 • Removing the solvent by drying, or the wet mixture, 

suspension, or solution can be frozen and the solvent can be 
sublimed. 

• Thoroughly mixing the components by sintering. 

An incipient wetness method of preparation of the 

3 0 hydrogen spillover catalytic material of the present invention 

comprising a source of energy holes lor shrinking hydrogen 
atoms that hinge on the transfer of an electron from a cation 
to another includes the steps of: 

• Dissolving a desired weight of the ionic salts of the cations 

3 5 into a desired volume of solvent. In a preferred embodiment, 
the ionic salts arc dissolved in deionized demincralized water. 
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• Preparing an incipiently wet c on (in it- hydrogen dissociation 
material by uniformly welling the conduit-hydrogen 
dissociation material with the dissolved salt solution so that 
the pores of the material are just filled The total volume of 

5 solvent required can be the desired amount, and the weight 
percent of the ionic salts of the cations in ihe final material 
can be determined by the desired weight of the ionic salts of 
the cations dissolved in the desired volume of solvent. 

• Mechanically mixing the wetted material to insure uniform 
J 0 wetting. 

• Drying the incipiently wet condnithydrogen dissociation 
material in an oven preferably at a temperature of 150 °C. In 
an embodiment the material can be heated until the 
counterion(s) of the cations chemically decompose to 

1 5 preferably oxides. 

• Pulverizing the dried material comprised of the conduit- 
hydrogen dissociation-source of energy holes material into a 
powder. 

• Optionally, mechanically mixing the dried and powdered 

2 0 material with further hydrogen dissociation material including 

a powder mixed wuh a conduit material and a support 
material. 



Hxampjc. of a Ionic Hvdropcn SpqHover. C atalytic Mateu al. 40% 

2 5 fey_. Wci°hf Potassium Nitrate jK NOx ) on l^-Pd-on-Hr^ ,,,^ 

Ca rbon Powde r 

To prepare one kilogram of the ionic hydrogen spillover 
catalytic material: 407c by weight potassium nitrate (KN0 3 ) on 
1%-Pd-on-graphiiic carbon powder. 0.40 kg of KN0 3 are 

3 0 dissolved in 1 liter of H 2 0. Incipient wetness requires 1 ml of 

H 3 0 per gram of -300 mesh g rap hiic powder, and 0.67 grams 
of KN0 3 a" required per gram of graphitic carbon powder to 
achieve a 409c by weight KNO3 content in the final material. 
The aqueous KNO3 solution can be slowly added to 0.6 kg of 
3 5 l%-Pd-on--300-mcsh graphilic carbon powder as the slurry 
can be mixed. The slurry can be then placed on an 
evaporation dish which can he inserted into an oven at I50°C 
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for one hour. Healing causes (he water to evaporate from the 
slurry. The KN0 3 coated J %-Pd-on-graphitic carbon can he 
ground into a powder. 

Another incipient wetness method of preparation, of the 
5 hydrogen spillover catalytic material of the present invention 
comprising a source of energy holes for shrinking hydrogen 
atoms thai hinge on the transfer of an electron from a cation 
to another includes the steps of: 

• Dissolving a desired weight of the ionic salts of the cations 

1 0 into a desired volume of solvent. In a preferred embodiment, 
the ionic salts are dissolved in deiontzed demoralized water. 

• Preparing an incipiently wet conduit material by uniformly 
wetting the conduit materia) with the dissolved salt solution so 
that the pores of the material are just filled. The total volume 

15 of solveni required can be the desired amount, and the weight 
percent of the ionic salts of Ihc cations in the final material 
can be determined by the desired weight of the ionic salts of 
the cations dissolved in the desired volume of solvent. 

• Mechanically mixing the wetted material to insure uniform 
20 wetting. 

• Drying the incipiently wet conduit material in an oven 
preferably at a temperature of 150 °C. in an embodiment, the 
...a.er.r.. ear, be heated until the coui'iicuon(s) of the cations 
chemically decompose to preferably oxides. 

2 5 • Pulverizing the dried material comprised of the conduit 
materia) and the source of energy holes into a powder. 

• Mechanically mixing the dried and powdered material with 
a hydrogen dissociation material including a powder mixed 
with a conduit material and a support material. 
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. Example of a Ionic Hvrlm gm Spillover r a , a | vlic Material: 40% 
bxJVe>glii_P<aassium Nitrate { KNC M on Grap hic Pnrhn,, 
Eo^L-MLh_,5g b y Weight 1%-Pd-nn-Gra phiiir Parhnn 
Powder: 

To prepare one kilogram < ' the ionic hydrogen spillover 
catalytic material: 40% by weigh, potassium nitrate (KNO-,) on 
graphitic carbon powder with 5% by weight 1%-Pd-on- 
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giaphiuc carbon powder. 0.67 kg of KN0 3 are dissolved in J 
'><cr of H 2 (). Jncp.cn. wetness requires 1 ml of H,0 pe. « ram 
of -300 mesh graphite powder, and 0.40 grams of KNO, « 
required pc, gram of graphite powder ,o achieve a 40% bv 
weight KNO, comem in the final material. The aqueous KNO, 
solution can be s.ow,y added ,o 0.55 kg of g rap h„e powdcr as 
•he slurry can be m.xed. The slurry can be then placed on an 
evaporation dish which can be inser.ed ,n.o an oven ai I50»C 
for one hour. Heating causes the water ,o evaporate from the 
' 0 slurry. The KN0 3 coated graphi.e can be ground „„o a 
powder. The powder can be weighed. Approximately 50 
prams (5% of the weight of the KN0 3 coated graphite) of I ft. 

d-on-o00-mesh graphitic carbon powder can be mixed into 
•he KN0 3 coated graphic carbon powder 

5 

j^c^th^ 

Materials- J — ^ 

The catalytic material can be placed into .be 
prcssurizable vessel 200. The vessel can be flushed w„h a„ 
men gas such as He. A,, or Ne ,0 remove air contaminants in 
■»e vessel. The vessel and its contents are hea.ed .0 the 
operat.onal temperature. ,yp JC ally 100 "C to 400 °C before the 
v esse! c *^ »-» ... .. , , 

p SJG " ■*»» »>uiOgcn. iypicaiiy 20 to Mtj 
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In an embodiment, the source of energy holes is 
Potassium ,ons (K + /K^ ) or rubidium ,ons ,«,♦> intercalated m,o 
carbon. In another embodiment, the source of energy holes is 
an amalgam of the electrocatalytic ion or couple and its 
reduced metallic form such as rubidium ions (Rb*) and 
rubidrum metal or potassium ions (K+/K+) and potassium 
metal 
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Jn an embodiment, the source of hydrogen atoms is a 
hydrogen dissociation means including a hydrogen gas stream 
blown over a hot filament or grrd such as a hot refractory 
metal mcluding a filament or gnd of Ti. Ni. Pe. W Au P, or Pd 
ai an elevated temperature such as 1800»C. The dissociation 
"•cans prov.des hydrogen atoms as well as hydrogen ions, and 
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the momentum of the atoms brings them in contact w,th the 
source of energy holes. Or. the hydrogen atoms and ions 
sputter onto the spillover catalyst. In one preferred 
embodiment of the pressurized gas reactor, a low pressure can 
5 be maintained by pressure regulator means 222 and a pump 
means 223 to minimize hydrogen atom recombination into 
molecular hydrogen and remove (molecular) lower-energy 
hydrogen. 

in an embodiment the source of hydrogen atoms is 
I 0 water which dissociates to hydrogen atoms and oxygen on a 
water dissociation material such as an element, compound, 
alloy, or mixture of transition elements and inner transition 
elements, iron, platinum, palladium, zirconium, vanadium, 
nickel, titanium. Sc. Cr. Mn. Co. Cu, Zn. Y. Nb. Mo. Tc, Ru. Rh. Ag. 
' 5 Cd - La - Hf - Ta. W. Re, Os. Ir, Au. Hg. Ce. Pr, Nd. Pm, Sm. Eu. Gd. 
Tb, Dy, Ho. Er. Tm, Vb. Lu. Th. Pa. U. activated charcoal 
(carbon), and intercalated Cs carbon (graphite). In a further 
embodiment, the water dissociation material can be 
maintained at an elevated temperaiure by a heat source and 
2 0 temperature control means 230 hi an embodiment including 
one comprising a hydrogen spillover catalyst, die source of 
hydrogen can be from hydrocarbons including natural gas 

mckcK cobalt, iron, or a plannum-eroup metal 10 hydrogen 

2 5 atoms and carbon dioxide. fn a further embodiment, the 

reforming materia] can be maintained at an elevated 
temperature by a heat source and a temperature conirol 
means 230. In another embodiment, the source of hydrogen 
atoms can be from the decomposition of a metal hydride 

3 0 where the decomposition can be controlled by controlling the 

temperature of the metal hydride with the heal source and 
temperature control means 230. In another embodiment, the 
hydride can be coated by methods including electroplating 
with another maierial such as the hydrogen dissociation 
3 5 material. 

In a preferred embodiment a product of the shrinkage 
reaction, (molecular) lower^encrgy hydroscn. can be removed 
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to prevent product inhibition. Thus, the forward energy 
yielding reaction rate can be increased. One means to remove 
lower-energy (molecular) hydrogen is to supply the reaction 
mixture with a scavenger for lower-energy hydrogen. The 
5 scavenger absorbs or reacts with the product, lower-energy, 
hydrogen, and the resulting species can be removed from the 
reaction mixture. In another embodiment lower-energy 
hydrogen which is absorbed on the catalysts can be removed 
via displacement with an inert molecule or atom such as 
1 0 helium that flows through the vessel 200. 

Other objects, features, and characteristics of the art of 
catalysis as well as the methods of preparation, operation and 
the functions of the related elements, as described by 
Saticrficld [Charles N. Satlcrfield, Heterogeneous Catalysis in 

1 5 Industrial Practice, Second Edition, McG raw-Hill, inc.. New 

York, (1991)) are applied to the present invention and arc 
incorporated by reference herein. Application of the art of 
catalysis to the preseni invention of a pressurized gas energy 
reactor for the release of energy by the catalytic reaction 

2 0 wherein the electrons of hydrogen atoms undergo transitions 

to lower energy states include the use of an adiabatic reactor, 
fluidtzed-bed reactor, transport line reactor, mnltitube reactor, 
reverse muiiitube reactor having the heat exchange means 
including a fluid in the tubes and the catalytic material 

2 5 surrounding the tubes, and a mnltitube reactor or reverse 

multitubc reactor comprising a fluidized bed of the catalytic 
material. Furthermore, in an embodiment comprising a 
solvated source of energy holes, a suspended hydrogen 
dissociation material including a hydrogen spillover catalyst, 

3 0 and hydrogen gas, the reactor comprises a trickle-bed reactor, 

a bubble-column reactor, or a slurry reactor. 

For example, in a preferred embodiment, the fluidized 
bed reactor 200 comprises the hydrogen spillover catalytic 
material; 40% by weight potassium nitrate (KNO3) on graphitic 
3 5 carbon powder with 5% by weight )% Pd-on-graphitic carbon 
powder. The reacting hydrogen gas can be passed up through 
a bed of the finely divided solid catalytic material, preferably 
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having a panicle size in the range of about 20 to 100 .,,„ 
which can be highly agitated and assumes many of the 
characterises of a fluid. A cyclone separate, 275 returns the 
f.nes to the bed. The hydrogen pressure and flow rate are 
3 controlled by pressure and flow rate control means 22"> 
Preferably a, atmosphene or slightly higher pressures the 
correspond.no maximum linear velocity can be less than 60 
cm/s. 
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A preferred hydrogen gas energy reactor for the release 
o> energy by an electrocataly.jc and/or a disproportion 
reacnon. wherem the electrons of hydrogen atoms undergo 
.ransn.ons to lower energy states in the g as phase, comprises 
a vessel 200 of FIGURE 7 capable of containing a vacuum or 
pressures greater than atmospheric; a source of hvdrogen ?2| ■ 
a means 222 to control the pressure and flow of hydrogen into 
ine vessel; a source of a.omic hydrogen ,„ the gas phase, and a 
source of energy holes in the gas phase 

The react.ou vessel 200 compnses a vacuum or pressure 
vessel composed of a temperature resistance material such as 
ceramic, stainless steel, tungsten, alumina. Jncolov and 
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in an embodiment, the source of hydrogen atoms in the 
gas phase is a hydrogen dissociation means including a 
hydrogen gas stream blown over a ho. filament or grid 280 
such as a hot refractory metal mcluding a filament or gnd of 
Tt. Ni. Ft. W, All. Pi. or Pd at an elevated temperature such as 
>800°C. The dissociation means provides hydrogen atoms as 
well as hydrogen tons, and the momentum of the atoms brings 
ihem in contact w,tb the source of energy holes. In a 
preferred embodiment of ,he gaseous-source-of-encrgy-holes 
gas reactor, a low pressure can be maintained by pressure 
regulator means 222 and a pressure measurement and pump 
means 223 to minimize hydrogen atom recombination into 
molecular hydrogen. The pressure can be measured by 
measuring the power dissipated in the ho. filament or grid 
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which can be operated ac constant resistance by a servo loop 
285 comprising a voltage and current measurement means, a 
power supply, and a vohagc and cmrem controller where the 
hydrogen pressuie versus power dissipation of the filament or 
3 grid at the operating resistance has been calibrated. In 

another embodiment, the source of atomic hydrogen comprises 
one or more hydrogen dissociation materials which provide 
hydrogen atoms by dissociation of molecular hydrogen. Such 
hydrogen dissociation materials include surfaces or materials 
I 0 to dissociate hydrogen, deuterium, or tritium, including a 

hydrogen spillover material such as palladium or platinum on 
carbon and an element, compound, alloy, or mixture of 
transition elements and inner transition elements, iron, 
platinum, palladium, zirconium, vanadium, nickel, titanium. Sc. 

1 3 Cr, Mn, Co, Cu. Zn! Y, Nb. Mo, Tc ? Ru, Rh, Ag, Cd, La, Hf, Ta, W, 

Re, <X Ir. Au. Hg, Ce, Pr, Nd, Pm. Sin, Eu, Cd. Tb, Dy. Ho, Er, Tin. 
Vb, Lu, Th, Pa. U, activated charcoal (carbon), and intercalated 
Cs carbon (graphite). In one embodiment, nonequilibi ium 
conditions of the hydrogen and hydride are maintained by 

2 0 controlling the temperature and hydrogen pressure to provide 

atomic hydrogen in the gas phase. In another embodiment, 
the source of atomic hydrogen comprises a tungsten capillary 

whirl* nn Th/> Millet U„ » i i... 

w w v **" **«-««^tJ \sy cici.(fi>ii mjiimardmeni 

to 1800-2000 K such as the atomic hydrogen source described 

2 5 by Bischler [Bischler, U.; Bend. E., J Vac. Sci. Techno).. A. 

(1993), 11<2), 458-60) which is incorporated herein by 
reference. In a further embodiment, the tungsten capillary 
can be heated by the energy released by the hvdrogen 
shrinkage reaction. In another embodiment, the source of 

3 0 atomic hydrogen comprises an inductively coupled plasma 

flow tube such as thai described by Gardner {Gardner, W. L., J. 
Vac. Sci. TcchnoL A. (1995). 13(3, Ft. I), 763-6) which is 
incorporated herein by reference, and ihe hydrogen 
dissociation fraction can be measured wiih the sensor of 
3 5 Gardner. 

The source of energy holes can be placed in a chemically 
resistant open container such as a ceramic boat 290 inside the 
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reaction vessel. Or. the source of energy holes can be placed i„ 
a vessel which has a connection for the passage of .he gaseous 
source of energy holes to the reaction vessel. 

The gaseous source of energy holes includes those- that 
5 sublime, boil, and/or are volatile at the elevated operatic 
temperature of the gas energy reactor wherein the shrinkage 
reaction occurs in the gas phase. For example. « >W< and KNO.. 
are each volatile at a temperature much less than that at 
which each decomposes [C. J. Hardy. B. O. Fj e |d. J. Chem Soc 
JO (1963). pp. 5130-5134). In one embodiment, the ionic 
hydrogen spillover catalytic material: 40% by weight 
potassium or rubidium nitrate on graphitic carbon" powder 
with 5% by weight I %-Pd-on-graphitic carbon powder can be 
operated at a temperate at which the potassium or rubidium 
nitrate can be volatile. Further disproportionate, reactions of 
■ he product, lower-energy hydrogen atoms, release additional 
heat energy. 

In a preferred embodiment, the source of energy holes is 
a thermally stable salt of rubidium or potassium such as 
RbF. RbCl. Rblir, Rbl. Rb 7 S„ RbOH, Rb,SQ 4 . Rb.CO,. Rb. PO and 
KF. KG. KBr. Kl. A',V KOH. KJO.. K 2 C( K K,l>0,.K : GeF,. Further 
preferred sources of energy holes of approximately ,„*27.2l«-r 
to cause atomic hydrogen "shrinkage " and/or approximate!".- 
»^48.6 eV , 0 cause molecular hydrogen "shrink ape" where m is 
2 3 an integer include the electrocatalytic ions and couples 

described in my previous U.S. Patent Applications entitled 
"Energy/Matter Conversion Methods and Structures" Serial No 
08/467.051 filed on June 6. 1995 which is a continuat>on-,n- 
part application of Serial No. 08/416.040 filed on April 3. 
1995 which is a continuation-in-part application of Serial No. 
08/107.357 filed on August 16. 1993. which ,s a continuation- 
in-part application of Serial No. 08/075.102 (Dkt. 99437) filed 
on June II. 1993, which is a continuation-in-part application 
of Serial No. 07/626.496 filed on Decembei 12.1990 which is a 
continuation-in-part application of Serial No. 07/345.628 filed 
April 28. 1989 which is a continuation-in-part application of 
Serial No. 07/341.733 filed Apnl 21. 1989. which are 



20 



30 



3 5 



f > CT/lJS96/07949 



6 8 



incorporated herein by reference. The countcnon includes 
•hose g,ven in .he Handbook of Chemistry and Physics. Robe,, 
C Weasi, bditor. 58 th Edition. CRC Press. West Palm Beach 
Honda. (1974) pp. B6I-BI78 which is incorporated by 
reference herein. The preferred anion can be stable to 
hydrogen reduction and thermal decomposite and can be 
volatile at the operating temperature of the energy reactor 

The following compounds arc preferred gaseous sources 
of energy holes in the gas energy reactor. Higher 
« 0 temperatures result ,n a higher vapor pressure of the source 
of energy holes which increases the reaction rate- however 
the increase in total pressure increases the recombination rate 
of hydrogen atoms to hydrogen molecules. In each exemplary 
case that follows, the operating temperature of the e„er,y 
1 ••> reactor can be that which provides an optimal reaction rate- 
In an embodiment, the cell temperature can be about 50'C 
'•'fiber than the (highest) melting po.nt of the source of energy 
holes (in the ease that the source of energy holes comprises an 
electron transfer between two ca.ions-an elec.rocatalytic 
2 0 couple). The hydrogen pressure can be maintained a, about 
?00 m.lhtorr. and molecular hydrogen can be dissociated with 
a hot filament or grid 280 of 1TGURE 7. 

Single Ion Calalysts (Electrocatalylic Ions): 
Single-ion catalysts {electrocatalylic ions) capable of 
producing energy holes lor shrinking hydrogen atoms The 
number following the atomic symbol (n) is the nth ionization 
energy ol the atom. That is lor example. Rb+ + 27.28 eV = R D 2 + 
+ g (melting point=(MP) ; boiling poinU(BP)) 
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Catalytic ion „ nth ionization energy 
Mo2-» 3 27.16 

MoL 

35 Ti2* 3 27.49 

7iCt : [Mf> = subl //, . HP = d 475°C vac) 



WO 96/42085 



rC17l)S96/07949 



6 9 

Rb 14 2 27.28 

RbNO x ( MP = 3 1 0° C. BP = subl) 

Rb,S : (MP = 420" C.BP = volat > 850) 

Rb!(MP=Ml°C.BP^ 1300T) 

5 Two Ion Catalyts (Electrocatalytic Couples): 

Two-ion catalysts (electrocatalytic couples) capable of 
producing energy holes for shrinking hydrogen atoms. The 
number in the column following the ion, (n), is the nth 
ionization energy of the atom. That is lor example. K+ + 31 63 
I 0 eV = K2+ * e- and K + + e" = K + 4.34 eV. (melting P oint=(MP)- 
boiling point=(BP)) 
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Atom n 

Energy 

Oxidiz- 

Hole 
ed 

(ev) 



Sn 4 + 5 

07 1/1 



nth lon- 

izalion 

Energy 

(ev) 

72.28 



Atom n nth Ion- 
Reduced ization 
Energy 



(ev) 
4 5.14 



Si 4 + 4 

SnCUMP = -33°C.BP = \ 14. 1- C) SiCIJMP = -TOT. BP = 57.57T) 
4 38.98 Ca2-* 2 11.87 



Pr 3 + 
27.11 



PrBrjMP= 69i°C.BP = I547T) CaBr^MP^ 730T = 806 - 8J2T) 



Cr 2 + 2 



16.50 



Sr 2 + 3 43.60 
30 27.10 

5rC/ : (A//> = 875T.tf/> = I250T) Cr!,(MP = 856T.1T/' = 800 ,„/, W «C) 
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Cr 3 + 
27.19 



49.10 



Tb 3 + 



21.91 
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CrF,{MP=> 1000° C. BP ~ J 1 00- l200°CjifW) 

TbljAfP ^ 94 6° C. BP > 1 300° C) 

5 2 S ? b j; 4 " 4 - 20 Co 2, 2 ,7.06 

SbCl s (MP=13.4"C.BP= 283° C) 

CoC^MP = 724°C in HO gas. BP = |049»C) 
«3* 4 45.30 Ni2+ 2 , 8 , 7 

BiCl y (MP = 230 - 232° C. B/> ^. 447° C) 

WCi } (MP= 1001°C,BP = 973° Csubl) 

Pd2 + 3 32 93 1 579 

15 27.14 J 

M'AMP^volai) JnCl(MP = 225°C.BP = 608° C) 
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uy j + 3 22.80 

27, 1 5 

^C/,(WP=860»C^/>> ,000-C) /)yC7 l( ^ = 7]8'C^, | 50 0«C) 

La3+ 4 49 95 Ho 3+ 3 22 84 

2/.ii 

L*1 ? (MP = 772° C) Hol x (Aff'--9SrC.BP^ I300°C) 



K 1 + 2 31.63 K 1 4 , 434 

27.28 

KNO y {MP=WC.BP = S uM) KNO,{MP = 334»C.fl/> = ,„«) 
*,S,(Af/> = 470° C) K,S 7 (MP = 470°C) 

Kl(MP ~ 6S\ V C,BP = ) 330° C) Kl{MP = te\° C .BP = J330»C) 

30 V 3 + 4 46.71 P d2 , 2 1943 

27.28 3 
VF,{MP> S00°C.BPS«bl) PbF } (MP = S5S°C.BP = I290«C) 
V0Ct(BP= 127' C) PbWMP = 402° C. BP = 954»C) 
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Ll,3+ 4 45.19 Zn2 + 2 17 96 

27.23 

Z*C/,(JW> = WS'C.BP = , kW 750-C) />fcC/,(.W = 283-C.2W -- 732°C) 

5 AS 3 + 4 50.13 Ho 3 + 3 22 04 

27.29 

AsUMP=\46°L\Br=403°C) HoU(MP = 989°C./?7- 1300» C ) 

Mo5 + 6 68.00 Sn4 + 4 40 73 

10 27.27 J 

MoO s (MP= 194°C.BP= 268'C) SnCI,(M/> = -33°C.W>= , M.rC) 



I .5 
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Sb 3 + 4 44.20 Cd2 + 2 16 91 

27.29 

= l70»C«f = 40rc) Cdl,(W/> = 387*CiW> = 796-C) 

Ag 2 + 3 34.83 Ag 1 + t 7 5fi 

27.25 

^F ? (M/> = 690-C. «' = 700-CV) ^./W = 435«T, /?/> = 1 1 5 y- C ) 

U3+ 4 49.95 Er 3 + 3 22 74 

27.21 

LoI>(MP= n7°C.BP= 1000°q £,/,(«/> = 1020° (;./>/>= ,280T) 

25 V 4 + 5 65.23 B 3 + 3. 37 93 

27.30 

VC/.(A//>.---28"C7?/»= 14S.5T) fiCI,(M/'=-|07.3 o C.^/>--. I2.5»C) 

Fe3 + 4 54 80 Ti.3 + 3 27 49 

30 27.31 

FcCUMPbMCBP = 315'Crf) 7K),(W> = 440»C*£J/> = 660-C) 

Co2 + 3 33.50 Tl 1 + 1 611 

27.39 

3 5 CW ? ( W/> - 515 vac' C. BP = 570' C vac) TI1(MP = 440" C d. BP = 623' C) 

CoF 7 (MP --- ] 200° C.ZW> = 1400° C) 77F(M/> = KTCd.BP = 655°C) 
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Bi 3 + * 45.30 Zn2n 2 17 96 
27.34 

flr7^(A//>=2)8°CffP = 453 o q ZnBr,(W = 394T d BP=6S0°C) 

5 

As 3 + 4 50.13 Dy3+ 3 22 80 
27.33 

Asl,(MP = I46- C, BP = 403" C) DyI,(A//> = 955* C J, W> = 1 320" C) 

10 Ho3+ 4 42.50 Mg2+ 2 15 03 

27.47 

HoO,(MP = 7)&°C,BP = I500X) MgCl^MP = m'C.BP = MI2°C) 

K 1 + 2 31.63 Rb 1 + 1 4 18 

J 5 .. 27.45 

KI(MP = 618° C. /?/> = 1 330° C) RbJ(MP = M7°C.BP = )300°C) 

Cr3+ 4 49.10 Pr 3 4 3 21 62 

27.48 

20 CrCl } (MP=: l]5trC.BP=13*xrCsubl) PrO,(MP= 786°C.M» = (TOOT) 



25 



■ - • - ■- ' £- IO.IO 

27.42 

. SrCIJMP = 87S»C£/» = I250°C) FeCi : (MP= 670"C.BP subi) 

Ni2+ 3 35.17 Co 1 + 1 7 73 

27.44 

MC/,(M/> = )00\°C.BP = WYCsubl) CuCI{MP = 430° C.BP = I490»C) 

Sr 2 + 3 43.60 Mo 2 + 2 16 15 

27.45 

SrCL(MP = 875° C. B7> = 1 250°C) MoCI, 

35 Y 3 + 4 61.80 Zr 4 + 4 34 34 

27.46 

YCK{MP=72FC.BP= I507T) 2iC/ J (M/>= 437»C./W> = 33l»f .„,/,/) 
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Cd2 + 3 37.48 Ba2 + 2 10 00 

27.48 

Cdl } (MP=W>C.BP-.-- 7%°C) Dal^MP,, 740°C) 



2 0 



2 5 



15.03 



Ho 3 + 4 42.50 Pb2+ 2 

27.47 



'0 Pd 2 + 3 32.93 Li 14 , 5 39 

27.54 

PdF 7 (MP = volai) L\F{MP = 845° C.fi/> - 1676° C) 

Eu3 + 4 42.60 Mg2 + 2 1 5 03 

J 5 27.56 

EuCI^MP = 850" C) MgCt 7 (MP 1\A"C,BP = M I2°C) 



Er3+ 4 42 -60 Mg2 + 2 15 03 

27.56 

ErCl x (MP- 774°C.Z?/'= I500*C) MgCljMP* lU'C.BP * MI2°C) 

B' 4 + 5 56.00 Al 3 + 3 28 45 

27.55 

BiCUMP= 226° C) /UCMW -- I90-C.fi/> = Ml.VCsubl) 

Ca 2 + 3 50.91 Sm3+ 3 23 40 

27.51 

Cafi,, ( MP = 730° C si d. BP = 806 - 8 1 2° C) W^(A«> > J 000° C) 

30 V 3 + 4 46.71 La3 + 3 19 18 

27.53 

VaF, ( MP > 800° C, j</M) LaCl t (MP = 860° C. B/> > 1 000° C) 

Gd3 + 4 44.00 Cr2+ 2 16 50 

3 5 27.50 

Gk/MAtf* = 926° C.Z?/> = 1340° C) Crl 7 (MP = SSVC.BP = 800°C 5uW w ) 
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Mri 2 + 3 33.67 Til 4 1 6 11 

27.56 

MnJ 7 (MP = 638° C vac. BP = 5m°Csubl vac) T1F{MP = 127° C JSP = 6S5° 



Yb3+ 4 43.70 Fe 2 + 2 16 18 

27.52 

YbBr^MP = 956-C. /?P - ri) FcBr,[MP = 684°Crf) 

Ni2 + 3 35.17 Ag 1 + 1 758 

27.59 

NiCl,(MP=l0Q] o C.BP= 973*CwW) AgCl{MP = ASS'CBP I550°C) 

15 3 39.72 - Yb 2 + 2 12.18 

27.54 

Z»C7,(M/> = WCBP = WCsubi) YbCt,{MP = 702° C. BP = ]900°C) 

Se4 + 5 68.30 Sn 4 4 4 40 73 

2 0 27.57 

SeF,(MP = -13.8°C.BP> l(K)°C) SnC!,(MP = -33"C.BP = I H.rC) 

Sb 3 + 4 44.20 Bi 2 4 2 16.69 

' 27.51 

25 5*A(MJ>=l70>C*/>=40l o C) Bil t {UP = 4(Xrc.BP = subline) 

Eu3+ 4 42.60 Pb2 + 2 15.03 

27.57 

EuF x (MP = J390°C.Z?P = 2280° C) PbCI,{MP = SOrc.BP r. 950° C) 
30 ' n an embodiment wherein the anion can be reduced by 

hydrogen, the anion is chemically stabilized For example, the 
product of the reduction is added to the gas cell to stabilize the 
anion. In a further embodiment, the anion can be replaced 
continuously or intermittently. In the case of the nitrate ion. 
3 5 the product ammonia can be removed from the vessel, 
oxidized to nitrate, and returned to the cell. In one 
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embodiment, the product ammonia can be removed from the 
vessel by collection in a condensor and can be oxidized to 
nitrate or? a platinum or iridium screen at elevated 
temperatures such as 912 °C. In a further embodiment, the 
5 nhratc ion to ammonia reaction can be minimized by 

decreasing the hydrogen pressure while optimizing the vapor 
phase catalytic hydrogen shrinkage reaction. In an 
embodiment, a low pressure of hydrogen atoms can be 
generated by dissociation of molecular hydrogen on a hot 
10 filament or gnd 280 of FIGURE 7. A low pressure of molecular 
hydrogen can be maintained via the hydrogen supply 221. the 
hydrogen flow control means 222, and the hydrogen pressure 
measurement and vacuum means 223. The hydrogen 
pressure can be maintained at a low pressure by adjusting the 

1 5 supply through the inlet with flow controller 222* versus the 

amount pumped away at the outlet by the pressure 
measurement and pump means 223. The pressure can be 
adjusted to maximize the output power while minimizing the 
degradation of nitrate. The optimal hydrogen pressure can be 

2 0 less than about one torr. In an embodiment, the source of 

hydrogen atoms in the gas phase can be a hydrogen 
dissociation means including a hydrogen gas stream blown 
over a hot filament or grid 280 such as a hot refrnrin.ry mcta! 
including a filament or grid of Ti, Ni, Fc. W, An. Pl or Pd at an 

2 5 elevated temperature such as 1800°C. The h-ydrogen 

molecular source can be directed over the filament or grid and 
onto the gaseous source of energy holes. The pressure and 
flow of the hydrogen atoms prohibits the collision of the 
coimtcrion of the source of energy holes {such as the nitrate 

3 0 ion) from contacting the hot filament or grid. Thus, the 

thermal decomposition or reduction of the anion on the 
filament or grid can be prevented. In another embodiment, a 
negative potential can be maintained as a grid electrode 287 
surrounding the filament oi grid. The grid electrode permits 
3 5 the passage of hydrogen atoms from the filament or grid and 
repels the anion from contacting the hot filament or grid. 
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Thus. ,hc thermal or chemical breakdown of ,he anion 
(couicrion) can be prevented. 

In an embodiment, .he source of energy holes is an 
clcCoca.aly.ic ion or electrocata.y.ic couple compris.no 
5 cat.on-nn.on pairs in ,he gas phase wherein the ca.ion-anion 
pa.rs are d.ssocia.cd by ex.erna) source means 75 of ri GVRE S 
wind, includes, for example, a par.ic.e source 75b and/or ' 
Photon source 75a and/o, a source of he,,, acoustic energy . 
c cane or magne.ic fields. In a preferred embodiment 

the canon-an.on pairs are thermally Associated by heat 
source 230 or pho.odissocia.ed by photon source 205 of 
FIGURE 7. 

in another embodiment of the gas energy reactor h.vin- 

gaseous source of energy holes, the source of energy holes is' 

1 5 a.om.zed with an a.onnzer means 295 to provide a gaseous 

source of energy holes. ,„ a preferred embodimen. of' the' 

a.om.zcr. atoms are boded, sublimed, or vaporized by 

heat.ng means such as the boa. heating means 299 and the 

gaseous atoms are ionized to form a source of energy holes 

" .ncludmg the e.ec.rocatalyt.c ,ons or e,ec.roca, a ,y,, c coupIcs of 

my previous paten, applications incorporated herein by ' 

reference. In one embodiment, .he atoms are thermally 

ionized by the heating means ?30. hy ,h c >>v,,™„„„ ..,,1 

source 280 including a ho. fiJamen. or o nd , ' 0I b ° 

- 5 inductively coupled plasma fiow tube. For example .he gas 
energy cc „ show „ in Figwe ? ^ 

po.ass.um metal ,„ the boa , 290 whkh ha$ , vapQr 

•ha. can be controlled by controlling the temperature of ,he 

boa, by heann, means 230 and or 299. Hydrogen molecules 

an drssocated ,o atoms on , he ho. filament or grid 280 The 

rub, d> r mw potassium) metal .„ the gas phase can be ionized ,o 

Rb <K<) by the same or differen. ho, filament or grid 280 

The Rb+ (K + /K*) dectrocata.yt.c ton (couple) serves as a source 

of energy holes to shrink the hydrogen a.oms. In another 

embodimen, .he ho. fiiamen. or grid 280 COmprJSes . 

oi can be elec.ropl.ied with a metal(s) which boils off as a 

ca,.on ( s) .ha. are a source of energy holes. For example Mo^ 
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ions (Mo 2+ eiectrocatalytic ion) cmcr the gas phase of (he 
energy cell 200 from ihe hot molybdenum filament or grid 
280. The hot molybdenum filament or grid 280 also 
dissociates hydrogen molecules to hydrogen atoms l ; or a 
5 further example, N,2+ an(J C u» ions (Ni^/Cu^ electrocalalytic 
couple) enter the gas phase of the energy cell 200 from the 
hot nickel and hot copper or hot nickel-copper alloy filament 
or grid 280. In another embodiment, the photon source 75a 
and the particle source ?5b of FIGURE 5, including an electron 
0 beam. ionize species such as atoms in the gas phase to form 
the source of energy holes including the electrocaialytic ions 
or clcctrocataly.ic couples of my previous patent applications 
incorporated herein by reference. In another embodiment, 
the atoms or ions are ionized chemically by a volatilized 
5 rcactant such as an iomc species which oxidizes or reduces the 
atoms or ions to form a source of energy holes. 

The power of the gas energy reactor can be controlled by 
controlling the amount of the source of energy holes 
(clcctrocataiytic ton or couple) in the gas pfTase and/or by 
) controlling rhc concentration of atomic or lower-energy 

hydrogen. The concentrnnon of the gaseous source of energy 
holes (electrocaialytic ion or couple) can be controlled by 
controlling the initial amount of the volatile source of energy 
holes (electrocaialytic ion or couple) present in the reactor. 
' and/or by controlling the temperature of the reactor with 
temperature control means 230 which determines the vapor 
pressure of the volatile source of energy holes (electrocaialytic 
ion or couple). The reactor temperature further controls the 
power by changing the rate of the catalytic hydrogen 
shrinkage reaction. The concentration of atomic hydrogen can 
be controlled by controlling the amount of atomic hydrogen 
provided by the atomic hydrogen source 280. For example, 
the amount of hydrogen atoms in the gas ph3.se can be 
controlled by controlling the Row of hydrogen over or through 
the hot filament or grid, the tungsten capillary heated by 
electron bombardment, or the inductively coupled plasma flow 
lube: by controlling the power dissipated in the inductively 
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coupled plasm. Row tube; by controlling the temperature of 
"he ho. filament or grid, or the tungsten capillary healed by 
electron bombardmeni; by controlling the pressure of the 
hydrogen and temperature of the hydr.de maintained under 
.1 nonequilibrium conditions, and by conirolling the ra.e of 
removal of recombined hydrogen from the cell by pump 
means 223. Another means to control the ' shrinkage reaction 
ra.e can be by conirolling the pressure of a non reactive gas 
with non reactive gas source 299, non reactive gas flow control 
J 0 means 232. and pressure measurement and pump means 2?3 
The non reactive gas such as a noble gas competes with 
collisions between the source of energy holes (elec.roca.al viic 
•on or couple) and hydrogen atoms or compe.es with collisions 
• ha. y.eid lower-energy hydrogen disproportionate. 

1 5 reactions. Noble gases include He. Ne. and Ar Further such 

reaction non reactive " reaction quenching- gases include . 
carbon dioxide and nitrogen. 

The hydrogen partial pressure can be further controlled 
by throttling hydrogen into the cell by a hydrogen value 

2 0 control means 222 while monitoring .be pressure with a 

pressure measurement means 222 and 223. In a preferred 
embodiment, the hydrogen pressure can be con.iolled by 

controlling ih,. icrnpcra"...!!f with heatiivj n:ea:;s --' •> 

energy reactor which fmthcr comprises a hydrogen s'lorao/"* 
means such as a metal hydride or other hydride including 
sahne hydrides, titanium hydride, vanadium, niobium, and 
tantalum hydrides, zirconium and hafnium hydrides, rare 
earth hydrides, yttrium and scandium hydrides, transi.ion 
element hydrides, intcrmc.alic hydrides, and .heir alloys 
3 0 known in .he art as given by W. M. Mueller. J. P. Blackledgc 

and G. G. Libow.tz. MoaMJ^irjdes, Academic Press. New York. 
(1968). H^djojLen in Intermeiabr &mjj2ai?nds_l Edited by L. 
Schlapbach. Spiinger-Vcrlag. Berlin, and Hydj^aen_Jn 
Imimns&L^mpjmM^li. Edited by L. Schlapbach. Springer- 
Verlag. Berlin, which are incorporated by reference herein. 
The temperature of the cell can be controlled by a 
temperature cont.ol and measurement means 230 such that 
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'he vapor pressure of the hydrogen in equilibrium with the 
hydrogen storage material can he the desired pressure. |„ one 
embod.mem. nonequilibiium condiiions of the hydrogen and 
hydride are maintained by controlling the temperature and 
hydrogen pressure to provide atomic hydrogen J„ several 
embodtmcnts. the hydrogen storage means can be a rare earth 
hydride with an operating temperature of about 800 "C" 
lanthanum hydride with an operating temperature of about - 
700 C; gadolinium hydride with an operat.ng temperature of 
1 0 about 750 -C; neodynnum hydride w,«h an operating 
temperature of about 750 »C; yttrium hydride wiih an 
operatmg temperature of about 800 °C; scandium hydride with 
nn operanng temperature of about 800 <"C; ytterbium hydride 
with an operating temperature of about 850-900 «C titanium 
15 hydride with an operating temperature of about 450 °C 

eer.um hydride with an operating temperature of about' o 50 
C; prascodym.um hydr.de with an operating temperature of 
about 700 »C; zircon.um-titanium (50%/5O%) hydride with an 
operanng temperature of about 600 X; an alkali metal/alkali 
*V metal hydride mixture such as Rb/RbH or K/KH with an 

opera.mg temperature of about 450 «C. and an alkaline earth 
metal/alkaline earth hydride mature such as Ba/BaH, with an 
operating temperature of about 900-1000 T 

The hea, output can be monitored w„|, thermocouples 
- 5 present ,„ a. least the vessel 200 and the hea. exchanger 60 of 
HGURE 5. The rate of the shrinkage reaction rate can be 
mon.iored by ultraviolet or electron spectroscopy of the 
photons or electrons emitted via lower-energy hydrogen 
transitions, by X-ray photoclectron spectroscopy (XPS) of 
3 0 lower-energy hydrogen, and by mass spectroscopy. Raman or 
infrared spectroscopy, and gas chromatography of the 
molecular lower-energy hydrogen (d.hydrino). Lower-energy 
hydrogen atoms and molecules are identified by XPS as higher 
binding energy species than normal hydrogen. The drhvdrino 
3 5 can be identified by mass spectroscopy as a species with' a 
mass to charge ratio of two (nv .-=?) thai has a higher 
ionization potential than that of normal hydroecn by record.no 
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the ion curreni as a function of the clec.ron gun energy. The 
dihydrino can be identified by gas chromatography at' low 
lempcraeurc such as gas chromatography with an activated 
carbon (charcoal) column at liquid nitrogen temperature or 
5 with a column that will separate para from onho hvdrogen 
such as an Ri-Alumina column, or a HayeSep column at liquid 
nitrogen temperature wherein normal hydrogen can | )e 
retained to a greater extent than dihydnno. The dihydr.no 
can be identified by Raman and infrared spectroscopy as a 
1 0 molecule with higher vibrational and rotational energy levels 
as compared to those of normal hydrogen. The outpui power 
can be controlled by a computerized monitoring and control 
system which monitors the thermistors, spectrometers, and 
gas chromatograph and controls the means to alter the power 
outpui. The (molecular) lower-energy hydrogen can be 
removed by a means 201 to prevent the exothermic shrinkage 
reaction from coming to equilibrium. 

In another embodiment of the gas energy reactor having 
a gaseous source of energy holes, hydrogen atoms arc 
produced by a pyrolysis reaction such as the combustion of a 
hydrocarbon wherein the catalytic source of energy holes can 
he in the gas phase with the hydrogen atoms. In a preferred 
mode, the pyrolysis reaction occurs in an internal combustion 
engme whereby the hydrocarbon or hydrogen containing fuel 
comprises, a source of energy holes that are vaporized (become 
gaseous) during the combustion. In a preferred mode, the 
source of energy holes (electrocatalytic ion or couple) is a 
thermally stable salt of rubidium or potassium such as 
XbF. KbCI. RbBr, Rbl. Rb,S 7 . RbOH. Rb,SO.. Rb,CO,. Rb,PO„ and 
3 U KF. KC7. KBr. Kl. K ; S } . KOH. K : 50.. K } CO y . K x P0 4 .K : GcF 4 . 

Additional counterions of the electrocatalytic ion or couple 
■ nciude organic anions including wetting or emulsifying agents. 
In another embodiment, the hydrocarbon or hydrogen 
containing fuel further comprises water as a mixture and a 
3 5 solvated source ol energy hole? including emulsified 

electrocatalytic ions or couples. During the pyrolysis reaction, 
water serves as a further source of hydrogen atoms which 
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undergo a shrinkage reaction catalyzed by , he source of 
energy holes wherein the water can be dissociated to 
hydrogen atoms thermally or ca.alytically on a surface such « 
■he cylinder or piston head which can be comprised of ' 
5 maicnal which dissociates water to hydrogen and oxygen The 
water dissociation material includes an element, compound 
» toy. or mixture of transition elements and inner transition 
elements, iron, platinum, palladium, zirconium, vanadium 
nickel, titaruum. Sc. Cr. M„, Co. Cu. Zn. Y, Nb, Mo, Tc. R u pj,' A „ 
Cd. La. H, Ta. W. R e . Os. 1, Au. Hg. Ce. P, Nd. P H , Sn, Eu Gd 
Tb. Dy. Ho. Er. Tm, Vb. Lu. Th. Pa. U. activated charcoal 
(carbon), and intercalated Cs carbon (graphite). 

POWER DENSITY OF GAS ENERGY REACTOR (GAS PHASE 
HYDROGEN SHRINKAGE REACTION) 

The equations numbers which follow referred to those 
g.ven by Mills (Mills. R., JhejG r a fi d_Unif^ 
towmUdBhate. (,995). Technom.c Publishing Company 
Lancaster. P AJ . The rate of the disproportionate reaction 

io cause rcsonam shrinkage, Eqs. (5.22-5.30) is 
dependent on the collision rate between the rcactants and the 
efficiency of resonant energy transfer, h j s gjven by , he 
product of the. rate constant. W(Eo . f5.47«. ,h, ,L\ 
number of hyd.ogen or hydr.no atoms. A<„. and the efficiency 
L (Eq. (6.33)). of the transfer of the- resonance shrinkage 
energy from the donor hydrino atom to the energy hole 
provided by the acceptor hydrino atom 



r 



(6.37) 

where , is the distance between the donor and the acceptor J 
>s the overlap integral between the resonance shrinkage 
energy d.str.bu.ion of the donor hydrino atom and the 
distribution of the energy hole provided by the acceptor 
hydr.no atom, r, is the dielectric constant, and h a funclion 
of the mutual orientation of the donor and acceptor transition 
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-men,, Electron, , ransilion$ of lowe , 

a««ms occur only by „onradu„vc energy transfer Z , 

— y, eId f lhe f)uorcsccncc , ( - (jono ^; *c 

is equal lo one The firr n( tu» r 

— w co cauS c i:i g d : s r por,,ona,ion 

lhe factor of one „alf In Eq. (6.38) corrects for double counth, 
of colhs.oos [Levine. 1.. Physica, chemistry. McGraw Hi,, n " 
Company, New York. (,978), pp. 420-42,/ The p0W cr /"^ 
* given by the product of the rate of the iransifion En (o 7 S) 

— «* energy of the disproportion reason (Eq . 

v V2~U J V^~I 2/WM '"" i]*z 2*10" w 

gas phase, the energy transfer efficiency j$ one The 
power given by substitution of 

»«0 Eq (6.39) is (6 40) 

^.-> = l CIV (J kW/n,,*) 
In the case that the reac«,o„ of hydrogen ,o Jowcr- 
20 energy states occur, by the u ,c,ion of a .Lytic !oZ of 
— M no.es w,i„ hvdrogen or hydrmo atoms. ,„ e reacIion 
r-c „ dependent on the colhsion ,a,e between the 2 Is 
and the efficiency of resonanI . cnc * ants 

5 or.hydr,no-a,om/e 1 ec,roca l a,y, I c. JOn " s ^ ra , e I 
25 VO,Ume > Z ^,: *» * tU connming ^hyd^or 

hydr.no atoms per unit volume, each with radius U and 

T - »h vofume. each 

'"»»" W and velocy v f „ ?lvcn by Lcvjnc f 

2 «[^Jc = 4 * W ) I^' + Wp'Vc f 6 42) 
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The average velocity, ^. can bc calculwcd from lhe 
«empera,»re. / . ( ,3 ucch e. F. J., .n.rociuc.on lo Physics for 

2 W ' V - B 2* 7 (6.43) 
-here , is Baton's constant Substitution of Eq (5 44) 
««• fcq- (5 42) gJ ves the colhsion race per unil volume 
' erms of the le mperaiure : r. 

' 0 The rate of „ )C catalytic reaction, r _ l0 causc 
shnnka gc s glvcn b he Qf ^ 

' ,hc VO ' Umc ' V ' a «<* 'he efficiency, /, c f 

resonant energy transfer given by Eq. (6.37). 

The power. is givcn 5y (he prf><luc( ^ ^ ^ ^ ^ 

««ns»l,on. Eq. (6.45). and ,he energy of ,he transits, E q. 



n ,i n c (6.44) 



(6.45) 



(5.8). 
(6 46) 

20 ! h " / " £3S Phase ca,al >"- ^rinkage reaction wherein 

•he souree of energy holes i$ a sin?Ic raUon hayjng ^ 

•omzanon energy of 27.2,, V *,,,„ hydrogcn or „ 

*e energy transfer efficiency ,s one. R„ bidll)m j$ ^ 

clccrocatal y.ic ion w,th a second ionuation energy of 

rs*/°T 6 rCaC ° 0n fi,VCn by Ec * s - < 59 >- (5.10). and " 
D-8) with (he substitution of 

£ = U p = I. m = I, V = i m 3 . N H = 3 X I0». .V f = 3 A" 10" 
>n c = 1.4 Af IO-» kg. r c = 2.16* 10"* m. 7= 675 A' (6 47) 

into Eq. (6.46) is 

'..,. = 55 (55 kHW) (6 4g) 
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In <hc case , haI , hc caiaJytJC q{ 

ner gy s,a,es occurs on a surface. ,„c cn J gy 
Cheney „ Jcs$ than one duc |Q ■« 

° f " 1C ab -^ Mroten o, hydrint) , lom , 
tne elcctrocaia vtic inn tk, ^ "'^ms ,i nf f 

(6 47) with ' g,VC ' 1 ^ ^ (646 > 

£-0.001 

is (6.49) 

Less efficient caialviic sv<^m< k; ■ ^ 

'hree resonator cavities ' Fo , * °" ' C ° lIP '' ng ° f 

cause resonant shrinkage is «ivcn bv ,h, , ' 
collision rate pcr unil "vo,^^ by of .he 

•he efnc,encv. of resonant energy transfer given ov E q 
<«-37) where , , s gl ve„ by the avcage d.stanee between 
canons ,n the reaction vessel. 



. f = h K, 



The p„», c , , v js fivc „ by [hc prodMi of (h /J 
(6.52) 

A releases 4 34 />y u -hi*n :< 1 nowevu, 
.>*r^ uncn 11 is reduced 10 K. 



2*10"'* w 



H)c combination 
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2 i v V '° ,hCn ' hM 3 nC ' enef W change of 

27.28, V. Consider the case of a gas phase ca t a| ylJC shrinkage 
reaction of hydrogen or hydr.no atoms by p 0lassilmi iw , )s * 
.he elec,roca,aly (1 c couple having an energy hole of 27 28 eV 
5 The energy transfer efficiency is given by Eq. (6.37) where " r 
•s g.ven by the average distance between cations in the 
reaction vessel. When the A" concentration is 3*10" *- 

* t f IS 

approx.mateiy 5 X 10' «. For 7 = I. = t|> = 10 - o ^ 

(based on the vibrational frequency of A'//*), and „ = , m Eq 
(5.8). the energy transfer efficiency. £„ is approximately 0 001 
The power for the reaction g.ven by Eqs. (5.13). (5.14). and 
(5.8) with the substitution of 

E = 0.001. p-1. m =l. V^i^.H^ix^.N^ixw", 
m c = 6.5^J0-"kg. r c = l.38XlO- ,0 m. 7=675 AT (6 53) 

into Eq. (6.52) is 

1 5 P ~., = 300 WW (300 W I an') (fi ^ ) 

-C^^.>ischarge_JEi iergv Reactor 

A gas discharge energy factor comprises a hydrogen 
isoiope gas filled glow discharge vacuum chamber 300 of 
-0 I IGURE 8 including an ozonizer-typc capacitor, a hydrogen 
source 322 which supplies hydrogen m the chamber 300 

through control valve 325 and a V nln» ™h 

J> ,ino a vo »agc and current source 

330 to cause current to pass between- a cathode 305 and an 
anode 320. Jn one embod.men, comprising an ionizer-type 
5 capacitor gas discharge cell, one of the electrodes can be 
shielded by a dielectric barrier such as glass or a ceramic 
moiety. I n a preferred embodiment, the cathode further 
comprises a source of energy holes of approximately 
mX27.21<V ,o cause a.orn.c hydrogen "shrinkage" and/or 
0 approximately «*48.6,V lo cause molecular hydrogen 
shrinkage" where m is an integer (including the 
eiectrocatalytic ions and couples described in my previous U S 
paten, applications entitled "Energy/Matter Conversion 
Methods and Structures". Serial No. 08/467.051 filed on June 
> b. 1995 which is a continuation-in-part application of Serial 
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No. 08/4,6,040 filed on Apri. 3, ,995 which is a coni)inja( , on . 
m-part applicaiion of Serial No. 08/107.357 filed on A u-u« 
16. 1993. wh.ch is a continuation-in-part application of Lr.al 
No. 08/075J02 (Dk, 99437) filed on , m ,, l993 . which is a 
coDiinuaiion-m-pari applicant of Serial No. 07/626 4% filed 
on December ,2.1990 which is . contiouation-in-pan 
npphca.ion of Sena, No. 07/345.628 filed April 28 1989 
which is a cominuation-in-parl application of Serial No 
07/341.733 filed Apr,, 2,. ,989 which are incorporated by 
' 0 reference). A preferred cathode 305 for shnnk.ne hydrogen 
atoms , s a palladium cathode whereby a resonantly hole 
can be provided by the ionization of electrons from pa „ adjum 
> the discharge current. A second preferred cathode 305 for 
shrinking hydrogen atoms comprises a sonrce o, energy holes 

2 C f CC ; r ° n n lranSfer '° thC current including a, ,cas. 

one of beryllium, copper, platinum, zinc, and tellurium and a 
hydrogen dissociating means such as a sot ,rcc of 
electromagnetic radiation including UV light provided by 
Photon source 350 or a hydrogen dissociating materia, 
including the transition elements and inner transition 
dements. ,ro». platinum, palladium, zirconium, vanadium 
nickel, titanium. Sc. Cr. M, Co. Cu. Zn. Y. Nb. Mo. Tc. Ru. Rh A* 
Cd. La. Hf. Ta. W. Re Q s i* u„ r-„ r >. 
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Fb. Dy. Ho. Er. Tm. Vb. Lu. Th. Pa. U. activated charcoal 
(carbon), and intercalated Cs carbon (graphite). The reactor 
further comprises a means to con.ro,. the energy dissipated in 
«he discharge current when electrons are. transferred from an 
electron donating species to provide an energy hole for 
hydrogen atoms (molecules) including pressure controller 
means 325 and current (voltage) source 330 The gas 
d.scharge energy reactor further comprises a means 301 lo 
remove the (molecular) lower-energy hydrogen S «ch as a 

selective venting valve to prevent the exothermic shrinkage 

reaction from coming to equilibrium. 

In another embodiment of the gas discharge energy 

reactor, the source of energy hole can be one of ~a inelastic 

photon or part.cie scattering rcac.ion(s). J n a preferred 
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embodiment .he phoion source 350 supplies (he energy holes 
where the energy hole corresponds to stimulated emission by 
the photon. In the case of a reactor winch shrinks hydrogen 
atoms, the photon source 350 dissociates hydrogen molecules 
5 into hydrogen atoms. The photon source producing photons of 
at least one energy of approximately mX27.2) tV, -XV.2) eV, or 
40.8 eV causes stimulated emission of energy as the hydrogen 
atoms undergo the shrinkage reaction. In another preferred 
embodiment, a photon source 350 producing photons of at 
10 least one energy of approximately mX4U tV , 95.7 eV , 0 i 
"1*31.94 eV causes stimulated emission of energy as the 
hydrogen molecules undergo the shrinkage reaction. 

In another embodiment, a magnetic field can be applied 
by magnetic field generator 75 of FIGURE 5 to produce a 

1 5 magnetized plasma of the gaseous ions which can be a 

nonlinear media. Coupling of resonator cavities and 
enhancement of the transfer of energy between them can be 
increased when the media is nonlinear. Thus, the reaction rate 
(transfer of the resonance shrinkage energy of the hydrogen 

2 0 atoms to the energy holes, the clectrocatalyik ions or couples) 

tan be increased and controlled by providing and adjusting 
the applied magnetic field strength. 

In one embodiment of the method of operation of the 
gas discharge energy reactor, hydrogen from source 322 can 
2 5 be introduced inside of the chamber 300 through control valve 
325. A current source 330 causes current to pass between a 
cathode 305 and an anode 320. The hydrogen contacts the 
cathode which comprises a source of energy holes of 
approximately mX27.2] eV to cause atomic hydrogen 
"shrinkage" and approximately »,X48.6fV to cause molecular 
hydrogen "shrinkage" where m is an integer. In a preferred 
embodiment, electrons arc transferred from an electron 
donating species present on the cathode 305 to the discharge 
current to provide energy holes for hydrogen atoms 
(molecules). In the case of a reactor which shrinks hydrogen 
atoms, the molecular hydrogen can be dissociated into atomic 
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hydrogen by a (iissociat.ng material on the cathode 305 or b) , 
a source of electromagnetic radiation including UV |,o},i 
provided by pho.cn source 350 such that the dissociated 
hydrogen atoms contact a source of energy holes mcluding a 
■> molten, liquid, gaseous, or solid source of the energy holes 
The atomic (molecular) hydrogen releases energy as its 
electrons are stimulated to undergo transitions to lower 
energy levels by the energy holes. The energy dissipated in 
the discharge current when electrons are transferred from an 
I 0 electron donating species can he controlled to provide an 
energy hole equal to the resonance shrinkage energy for 
hydrogen atoms (molecules) by controlling the gas pressure 
from source 322 with pressure controller means 325 and the 
voltage with the current (voltage) source 330. The heat 
1 5 output can be monitored with thermocouples present in a. 

least the cathode 305. the anode 320. and (he heat exchanger 
60 of F IGURE 5. The output power can be controlled by a 
computerized monitoring and control system which monitors 
the thermistors and controls the means to alter the power 
output. The (molecular) lower-energy hydrogen can be 
removed by a means 301 to prevent the exothermic shrinkaee 
reaction from coming to equilibrium. 

„„,„^ V »,.„ V1 ,, 01 UIC 6<ia discharge energy 
reactor, a preferred cathode 305 comprises the catalytic 

2 5 material including a spillover catalyst described in the 

Pressurized Gas Energy Reactor Section. 

Another embodiment of the gas discharge energy reactor 
comprises a gaseous source of energy holes wherein the 
shrinkage reaction occurs in the gas phase, and the gaseous 

3 0 hydrogen atoms are provided by a discharge of molecular 

hydrogen gas. In a further embodiment (he gaseous source of 
energy holes can be prov.ded by a discharge current which 
produces the gaseous source of energy holes (clcc.roca.alytic 
.on or couple) such as a discharge in potassium metal ,o form 
35 KVK«. rubidium metal to form Rb\ or titanium metal to form 
Ti ♦. The embodiment comprises a hydrogen isotope gas filled 
glow discharge chamber 300. The glow discharge cell can be 



2 0 



WO 96/42085 



r > CTA)S96/07949 



89 



J 5 



2 0 



2 5 



3 0 



3 5 



operated at an elevated temperature such this the source of 
energy holes (elccoca.alyiic ion or couple) can be sublimed 
boiled, or volatilized into the pas phase. In an embodiment 
the coumerion of the source of energy holes (clcc.roca.alv.ic 
ion or couple) can be the hydride anion (//-) such as rubidium 
hydnde (Rb+ electrocataly.ic ion) and/or potassium hvdride 
(K+/K+ electrocatalytic couple). 

In an embodiment, .he source of energy holes can be an 
electrocatalytic ton or electrocatalytic couple comprising 
ca.ion-anion pairs in the gas phase wherein the caiion-anion 
pairs are dissociated by external source means 75 of FIGURE 5 
which includes, for example, a particle source 75b and/or 
photon source 75a and/or a source of heat, acoustic encr°y 
elecnc fields, or magnetic fields Jn a preferred embodiment, 
•he cation-amon pairs are thermally dissociated by heat 
source 75 of FIGURE 5 or photodissocated by photon source 
350 of FIGURE 8. 

Rcfn^j^on_Jv1cj!ns 

A further embodiment of ihe present invention 
comprises a refrigeration means which comprises the 

C ! eC J. r !! y ;il CC,i ° f RGURE 6 ' ,he P rc «»""d hydrogen gas cell 
of FIGURE 7. and the hydrogen gas discharge cell of FIGURE 8 
of the present invention wherein a source of iowcr-cnergy 
atomic (molecular) hydrogen is supplied rather than a source 
of normal hydrogen. The lower-energy hydrogen atoms arc- 
reacted to a higher energy state with the absorption of heat 
energy according to the reverse of the catalytic shrinkage 
rcactron such as those given by Eqs (4-6); (7-9); (10-12); (13- 
15); (16-18); (48-50); (51-53). (54-56); (57-59): ( 60- 6 V (6.3- 
65). (66-68). (69-71). (72-74). and (75-77). The lower-energy 
hydrogen molecules are reacted to a higher energy state with 
the absorption of beat energy according to the reverse of the 
catalytic shrinkage reaction such as thai given by Eqs (78-80)' 
(81-83); (84-86); (88-90). and (91-93). In this embodiment 
means 101. 201 and 301 of FIGURES 6. 7. and 8. respectively, 
serve to remove the normal hvdrogen such as a selective 
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venting valves lo proven, the endothcrmic reacion f lom 
coming io equilibrium. 

Molecnle( t) 

The prcseni invention further comprises molecules 
containing lower-energy hydrogen atoms. Lower-energy 
hydrogen can be reacted with any atom of the penod.c char, 
or known organic or inorganic molecule or compound or metal 
nornncul, or semiconductor to form an organic or inorganic 
molecule or compound or metal, nonmc.al, or semiconductor 
conta.nmg lower-energy hydrogen atoms and molecules The 
reacants with lowcrenergy hydrogen include neutral atoms 
nc S a, ' vcJ y or positively charged atomic and molecular ions " 
and free radices. For example, lower-energy hydrogen can be 
reacted wuh water or oxygen to fotm a molecule containing 
lower-energy hydrogen and oxygen, and lower-energy " 
hydrogen can be reacted w„h singly ionized helium to form a 
-0 molecule, containing helium and lower-energy hvdro.en 

Lower-energy hydrogen can be also reacted w„h metals | n 

T..y^lT nt ° f dCC,f0, - VUC <cl1 «««y -actor, lower- 
-■'■gj hydrogen produced during operation at the cathode 
can be incorporated ,n,o the cathode by react.,,, with i, thus 
I. a metal-lower-energy hydrogen material can be produced In 
all such reactions, the reaction rate and product yield are 
increased by applying heat, and/or pressure. 

Lower-energy hydrogen molecules (dihydnnos) are 
purif.ed from hydrogen gas by combustion of the normal 
-*U hydrogen. Oxygen can be m.xed with the sample to be 
purified, and the sample can be ignited. ] n a second 
embodiment of the method of d.hydrmo purification the 
sample can be flowed ove, a hydrogen recomb.ner which 
reacts with the normal hydrogen in «he g as stream to form 
" WatCr ,n a ,h,rd embodimei . lowe.-energy hydrogen 
molecules (dihydrinos) are collected in a cathode of an 
electrolytic energy reacto, of the present invention such as a 
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metal cathode including a nickel cathode or a carbon cathode 
The caihode can be healed in a vessel to a |, rsl temperature 
which causes normal hydrogen to preferentially off gas by 
external heating or by flowing a current through the cathode 
The normal hydrogen can be pumped off. then the cathode can 
be heated to a second higher temperature at which dihydrino 
gas can be released and collected. In a fourth embodiment, 
■he gas sample is purified by cryofiltration including gas 
chromatography at low temperature such as gas 
chromatography with an activated carbon (charcoal) column oi 
liquid nitrogen temperature and with a column which will 
separate para from ortho hydrogen such as an Rt-Alumina 
column, or a HayeScp column at liquid nitrogen temperature 
wherein normal hydrogen can be retained to a greater extent 
1 5 than dihydrino. In a fifth embodiment, the gas sample is 

purified by cryodistillation wherein normal hydrogen can be 
liquefied and separated from gaseous lower-energy hydrogen 
(dihydrino). The dihydrino can be concentrated by 
liquefaction in liquid helium. 

20 

EXEESlMEEgAJ. VERIFICATION OF THT i>m-<:r^r r TM R>PY 
Fy a jvjliie ! 

The article by Mills and Good (Mills. R.. Good. W.. 

2 :> "Fractional Quantum Energy Levels of Hydrogen , Fusion 

Technology. Vol. 28. No. 4, November. (1995). pp. 1697-17)9) 
describes the determination of excess heat release during the 
electrolysis of aqueous potassium carbonate by the very 
accurate and reliable method of heat measurement, flow 

3 0 caiorimeiry, describes the experimental identification of 

hydrogen atoms in fracrional quantum energy levels— 
hydrinos— by X-ray Photoelectron Spectroscopy (XPS); 
describes the experimental identification of hydrogen atoms in 
fractional quantum energy levels— hydrinos--by emissions of 
3 5 soft x-rays from dark matter; describes the experimental 
identification of hydrogen molecules in fractional quantum 
energy levels— dihydrino molecules by high resolution 
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magnetic sccior mass spectroscopy wjth ionization energy 
determination, and gives a summary. 

In summary: 

5 Thc complete theory which predicts fractional quantum 

energy levels of hydrogen and the exothermic reaction 
whereby lower-energy hydrogen is produced is given 
elsewhere (Mills, R., Thc Grand Un ified Theory o f Classical 
Quan tu m Mechanics . (1995), Technomic Publishing Company. 
1 0 Lancaster, PA provided by HydroCaialysis Power Corporation. 
Greai Valley Corporate Center. 41 Great Valley Parkway, 
Malvern, PA 19355, R. Mills; Unification of Spaceiime. ihe 
Forces, ...Maucr. and Energy (Technomic Publishing Company. 
Lancaster. PA, 1992)). 

1 5 Excess power and heat were observed during the 

electrolysis of aqueous potassium carbonate. Plow calorimctry 
of pulsed current electrolysis of aqueous potassium carbonate 
ai a nickel cathode was performed in a single-cell dewar. The 
average power out of 24.6 watts exceeded the average input 

2 0 power (voltage times current) of 4.73 waits by a factor greater 

than 5. The total input energy (integration of voltage times 
current) over the entire duration of the experiment was 5.72 
*v Cii.>. nit: tvrwii uuipui cncigy was mj. rvo excess 

heat was observed when the electrolyte was changed from 

2 5 potassium carbonate to sodium carbonate. Thc source of heat 

)S assigned to the electrocatalytic, exothermic reaction 
whereby thc electrons of hydrogen atoms are induced to 
undergo transitions lo quantized energy levels below the 
conventional "ground state". These lower energy states 

3 0 correspond to fractional quantum numbers: n = 1/2, 1/3. 1/4. 

Transitions to these lower energy states arc stimulated in 
the presence of pairs of potassium ions (K+/K + electrocatalytic 
couple) which provide 27.2 eV energy sinks. 

The identification of the n - 1/2 hydrogen atom , H(n - 
3 5 1/2) is reported. Samples of the nickel cathodes of aqueous 
potassium carbonate electrolytic cells and aqueous sodium 
carbonate electrolytic cells were analyzed by XPS. A broad 
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peak centered at 54.6 eV was present only in the cases of the 
potassium carbonate cells. The binding energy (in vacuum) of 
H(n = 1/2) is 54.4 C V. Thus, the theoretical and measured 
binding energies for H(n = ,72) are in excellent agreement. 
5 Further experimental idcntificaiion of hydrinos— down to 

H(n - 1/8)— can be found in the alternative explanation by 
Mills et al. for the soft X-ray emissions of the dark interstellar 
medium observed by Labov and Bowycr [S. Labov and S. 
Bowyei, Astroph vsical Journal, 371 (1991) 810J of the 
1 0 Extreme UV Center of the University of California, Berkeley. 
The agreement between the experimental spectrum and the 
energy values predicted for the proposed transitions is 
remarkable. 

The reaction product of two H(n=l/2) atoms, the 

1 5 dihydrino molecule, was identified by mass spectroscopy 

(Shrader Analytical & Consulting Laboratories). The mass 
spectrum of the cryofiltered gases evolved during the 
electrolysis or a light water K 2 C0 3 electrolyte with a nickel 
cathode demonstrated that the dihydrino molecule. H 2 (n = 

2 0 1/2). has a higher ionization energy, about 63 cV. than normal 

molecular hydrogen. H 2 (n = 1). 15.46 eV The high resolution 
(0.00) AMU) magnetic sector mass spectroscopic analysis of 
me posicombustion gases indicated the presence of two peaks 
of nominal mass two at 70 eV and one peak al 25 eV. The 

2 5 same analysis of molecular hydrogen indicates only one peak 

at 25 eV and one peak al 70 cV. In the case of the 
postcombustion sample at 70 cV, one peak was assigned as the 
hydrogen molecular ion peak. H 2 (n = 1). and one peak was 
assigned as the dihydrino molecular peak, H 2 (n = 1/2) which 

3 0 has a slightly larger magnetic moment. 



Exam ple 2 

In the January 1994 edition of Fusion Technology, [Mills. 
R.. Good. W., Shaubach, R.. "Dihydrino Molecule Identification". 
Fusion Technology. 25. J 03 (1994)] Mills et al. review and 
present three sets of data of heat production and "ash" 
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identification including .he work of HydroCatalvsis Power 
Corporation (Experiments »|-#3) and Thcrmacore. | nc 
(Experiments # 4-#14). 

In summary: 

Mills ei al. report the experimental evidence suppomng 
the M.lls theory .hat an exothermic reaction occurs wherein 
the electrons of hydrogen atoms and deuterium atoms are 
simulated to relax ,o quanted potential energy levels below 
•ha, of the "ground state" via electrochem.cal reactants K"* and 

' P<1 and L ' + - ° r Pd and °2 °f redox energy resonant with 
•he energy hole which stimulates this transition. Calorimetry 
of pulsed current and continuous electrolysis of aqueous 
potassium carbonate (K + /K + electrocatalytic couple) a, a nickel 
1 5 cathode was performed. The excess power out of 41 watts 
exceeded the total input power given by the product of the 
electrons voltage and current by a factor greater than 8 
The ash of the exothermic reaction is atoms having electrons 
of energy below the "ground state" which are predicted to 
- 0 form molecules The predicted molecules were identified by 
lack of reaenvity with oxygen, by separation from molecular 
deuter.um by cryofiitration. and by mass spectroscopic 

The combustion of the gases evolved durin° the 
electrolysis of a light water K 2 C0 3 electrolyte <K*/K + 
electrocatalytic couple) with a nickel cathode was incomplete 
The mass spectroscopic analysis (Air Products & Chemicals 
Inc.) of uncombustcd gases demonstrated that the species 
predominantly g.v.ng rise to the m/e = 2 peak must have a 
different m/e = 1 to m/e = 2 production efficiency than 
hydrogen. And. the further mass spectroscopic analysis of the 
m/e = 2 peak of the uncombustcd gas demonstrated that the 
d.bydnno molecule. H 2 (n = 1/2), has a h.ghe, ionization 
energy than H 2 . 

According to the analysis by Mills et a| of the raw data 
M.les of the Ch.na Lake Naval Air Warfare Center Weapons ' 
D.v.sion observed the d.deutrino molecule as a spec.es with a 
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5 , r gc r:it,<> of fouf nnd » ,o„i ZatIO „ 

P0.en,,al than normal molecular dcutenurn. Miles was 
mass spectroscopy t0 nnaly.c the crvofiherecl gases cvo|vc / 
from excess power produc.no elec.rolysis cells '(palladium 
cathode and a LiOD/D 2 G electrolyte; an e.ecuoca a) C0UD , C 
of 27.54 eV). [B. F. BUSH, J. J. LAGOWSKI M H MILES 7r 
S. OSTROM. "Helium Product During 

» Cold Fusion Experiments". J. Elcctroana,. Chen, 304 2 1 
U99I); M H. MILES. B. F. BUSH. G. S. OSTROM, a d J J 
LAGOWSKI, "Hea, and Helm, Production i„ Cold Fusion 
Experiments". Proc. Conf. The Science of Cold Fus.on ' Como 
Haly. June 29-July 4. ,991. p. 363. T. BRESSANI F DEI 
GHJDICE. and G. PRE PA RATA. Eds.. SIF (,991); M i, MI, ES R 
A-HOUJNS.B.F.BUSH.J.J. LAGOWSKI. and R F ! M Ts 
Corre.aoon of Excess Power and Hc„„m Production 
D20 and H 2 0 Electrolysis Us.ng Pa,,ad,um Cathodes" J 
Elecroanal. Chem.. 346. 99 (,993); M. H. MILES and B F BUSH 
Search for Anomalous Effects Involving Excess Power and ' ' 
Hehum During D 2 0 Elec.rolysis Using Pal.ndnnn Cathodes - 

m^M™ C ° ,d FUS, ° n - Nag ° ya ' 2,-25. 

Pallad.um sheets coated on one side with a hydrogen 
.....—near.: gold layer ami coaled oi, she oiber .surface with 
» ox.de coa, (MnO x . A.O x . SiOx) were dcu,cr,um or hyd" n 
•oaded a, NTT Laboratories. Hea, was Observed from I g h, and 
heavy hy rogen , whc „ ^ ^ ^ 

(Pd/0 2 elecrocatalyt.c couple). The high resolution ( 001 
AMU) quadrapole mass spectroscopic analysis of the gases 
released when a current was applied ,0 a deuterium (99 9%) 
oaded MnOx eoated palladium sheet indicate the presence of a 
arge shoulder on the D 2 peak which Mills e , al. a ss ,gn to the 
dide umno moJecuJc> D2( „ B J/2) |E YAMAGUCHI and T 
NISH10KA. "Direct Evidence for Nuclear Fusion Reactions in 
Deu.era.ed Palladium," P f0c . 3rd In,. Conf. Cold Fus.on 
Nagoya. Japan. Oc.ober 21-25. 1992. p. ,79; E YAMAGUCHI 
and T. N.SH.OKA. "He.ium-4 Production from Denteratcd 
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Palladium a, Low Encrg.es." NTT Basic Research Laboratories 
and 1MRA Europe S. A.. Personal Communication (199?)]. 

Pennsylvania Stale University has determined excess 
heat release from flowing hydrogen in the presence of nickel 
oxide powder containing strontium niobium oxide (Nb^/Sr?-* 
electrocatalytic couple) by the very accurate and reliable 
method of heal measurement, thermopile conversion of heat 
into an electrical output signal (Phillips, L, "A Caionmctric 
Investigation of the Reaction of Hydrogen with Sample PSU 
#1". September 11, 1994, A Confidential Report submitted to 
HydroCatalysis Power Corporation provided by HydroCatalysis 
Power Corporation. Great Valley Corporate Center. 41 Great 
15 Valley Parkway, Malvern. PA 19355). Excess power and heat 
were observed with flowing hydrogen over the catalyst which 
increased with increasing flow rate. However, no excess 
power was observed with flowing helium over the 
catalyst/nickel oxide mixture or flowing hydrogen over nickel 
oxide alone. As shown in FIGURE 9. approximately 10 cc of 
nickel oxide powder containing strontium niobium oxide 
unmediatcly produced 0.55 W of steady state output power at 
.v. „hcr. ;hc gas was switched from hydrogen to helium 
the power immediately dropped. The switch back to hydrogen 
restored the excess power output which continued to increase 
until the hydrogen source cylinder emptied at about the 
40.000 second time pom.. With no hydrogen now ,hc output 
power fell to zero. 

The source of heat is assigned to the electrocataJytic. 
exothermic reaction whereby the electrons of hydrogen atoms 
are induced to undergo transitions to quantized energy levels 
below the conventional "ground state". These lower energy 
states correspond to fractional quantum numbers: n - 1/2. 

,/3, 1/4 Transitions to these lower energy states are 

stimulated in the presence of pairs of niobium and strontium 
ions (Nb3+/Sr2+ electrocataJytic couple) which provide 27.2 eV 
energy sinks. 
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Exam ple 4 . 

The article in the Spectra] Data of Hydrinos from the 
Dark Interstellar Medium and from ihe Sun Section of Mills 
3 (M,,ls - R > The Grand UpjfiaLJtettOUi^^ 

Mechan '^ ( ,995 ). Tcchnomic Publishing Company. Lancaster 
PA] describes the experimental identification of hydrogen 
atoms in fractional quantum energy levels— hydrinos— by 
emissions of soft X-rays from dark matter and the Sun, 
1 0 provides a resolution to the Solar Neutrino Problem, the 

Temperature of the Solar Corona Problem, the Broadening of 
the Hydrogen 91 J. 8 A Line Problem, the Temperature of "the 
Transition from "Radiation Zone" to "Convection Zone" Problem, 
the Cool Carbon Monoxide Clouds Problem, the Stellar Age 
1 5 Problem, the Solar Relation Problem, the Solar Rare Problem, 
and the problem of the ionizing energy source of hydrogen 
planets, and describes the experimental identification of 
hydrogen atoms in fractional quantum energy levels— 
hydrinos— by spin/nuclcar hypcrfine structure transition 
energies obtained by COBE for which no other satisfactory 
assignment exists. 



2 0 
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!t> 5Ummarv: 

As shown in Table I Mills (Mills. R., The Grand Mining 
Theory of Classical Quantum Mrrhr,ni, < (1995). Technomic 
Publishing Company. Lancaster. PA), hydrogen transitions to 
electronic energy levels below the "ground" state 
corresponding to fractional quantum numbers predicted by 
Mills' theory match the spectral lines of the extreme 
3 0 ultraviolet background of interstellar space. And, hydrogen 
disproportionate reactions yield ionized hydrogen, energetic 
electrons, and hydrogen ionizing radiation. This assignment 
resolves the paradox of the identity of dark matter and 
accounts for many celestial observations such as. diffuse Ha 
emission is ubiquitous throughout the Galaxy, and widespread 
sources of flux shortward of 912/1 arc required (Labov. S.. 
Bowyer. S.. "Spectral observations of the extreme ultraviolet 
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background". The Astrophysics! Journal. 371. (1991). pp 810- 
8 J 9). 

Further experimental identification of hydrinos— down to 
H(n - 1/8) — can be found in the alternative explanation by 
5 Mills for the soft X-ray emissions of the dark interstellar 
medium observed by Labov and Bowyer [S. Labov and S. 
Bowyer. Astrophysical Journal, 371 (1991) 8 30) of the 
Extreme UV Center of the University of California, Berkeley. 
The agreement between the experimental spectrum and the 

1 0 energy values predicted for the proposed transitions is 

remarkable. 

The paradox of the paucity of solar neutrinos to account 
for the solar energy output by the pp chain is resolved by 
assigning a major portion of the solar output to lower energy 
15 hydrogen transitions. The photosphere of the Sun is 6000 K; 
whereas, the temperature of the corona based on the 
assignment of the emitted X-rays to highly ionized heavy 
elements is in excess of 10* K. No satisfactory power transfer 
mechanism is known which explains the excessive 

2 0 temperature of the corona relative io that of the photosphere. 

The paradox is resolved by the existence of a power source 
associated with the corona. The energy which maintains the 
corona a< a temperature m excels oi iG* K is thai released by 
disproportionate reactions of lower-energy hydrogen as 

2 5 given by Eqs. (13- 15). In Table 2 of Mills, the energy released 

by the transition of the hydrino atom with the initial lower- 
energy state quantum number p and radius ^ to the state 

P 

with lower-energy state quantum number [p + m) and radius 
j /7+|7 jj cataI yzcd by a hydrino atom with the initial lower- 

3 0 energy state quantum number m\ initial radius and final 

m 

radius a„ are given in consecutive order of energy from the 
I-H/2H transition to the l/9-> 1/10 H transition. The 
agreement between the calculated and the experimental 
values is remarkable. Furthermore, many of the lines of Table 
3 5 2 had no previous assignment, or the assignment was 
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unsatisfactory (Thomas. R. J.. Ncupcrt. w „ M .. Asir0phvsica| 
Journal Supplement .Scries. Vol. 9J. f!994) pp „ 6 , 4 g 2 . 
Mahnovsky. M , Hcroux. L.. Astrophysical Journal, Vol 181 
97,), pp. ,009-1030; Noye, R.. JJ^^_s, ar HafV „ d 
5 Umvcrsrty Press, Cambridge. MA, (1982). p., 72; Ph^ps j H 
fru.de , 0 ,h e_S»n, Cambridge Univcrsi.y Press. Cw »brid B e " 
Great Br.lain, (1992), pp. 118-119; 120-121; 144-145, ' The 
calculated power of UlO'Mv matches the observed power 
output of 4*10* W. ' 

i0 The broadening of the solar H19UBA line 

(91I.Uro =600^ ) is six ,jmes that predicted based on the 
thermal electron energy at the surface of the photosphere 
U=6.00OA') where the H19U.SA continuum ongmates and 
based on the relat.ve w,d,h of the helium continuum lines 
He I 504. 3 A ( He 1 504.3 A so ^ 530 A ) and He D 227 9 A 
{Hell 227.9 A io =225.4) [Thomas, R. J.. Neupcn VV M 
As.rophysical Journal Supplement Series. Vol 91* (1994) nn 

3s!1v ^ S '-"S-Ver,ag, Berlin. (199,)^ 

35 -356; Mahnovsky. M.. Heroux. L.. Astrophys.ca. Jounia , 
Vol. 181 (,973). pp. .009-1030; Noye, R.. JM^^s. Star 
Harvard Universiiy Press. Cambridge. MA. (1982), p , 7 2~ 
hrllips. J. 11.. feuhc.^. Cambridge University Press 
ambridg,. Great Britain. (-992). pp. iJ8 . }59 . i20 . i2j . " i4/j . 
«5J. The latter lines are proportionally much narrower ye. 
•he corresponding temperatures of origin must be higher 
ecause the transit.ons are more energetic. Furthermore, the 
"91 MM continuum line of the spectrum of a prominence ls 
about one half the width of the same line of the c,uie, Sun 
spectrum. Yet. ,hc temperature rises to greater than )0,000 K 
in a prominence. The problem of the anomalous spectral 
feature of ,|,c excessrve broadening 0 , lhe continuum line of 
hydrogen to higher energ.es can be resolved by ass.gnmcn, of 
■he broaden.ng mechanism to energetic disproportionate 
reactions involving hydrogen atoms as rcac.ants. 

The reaction product, lower-energy hydrogen, car, he 
re.on.zed as it is diffuses towards the center of the Sun The 
abrup, change in the speed of sound and transition from 
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radianon /one" ,o "convection zone" al a radius of 0 7 ,he 
solar radius. 0.7/?,. with a temperature of 7 x W K matches ,bc 
»om?.a«ion temperature of lower-energy hydrogen. 

Another spectroscopic mystery concerns 'an infrared 
•> absorpnon band of the chromosphere a. a wavelength of 
4.7/im which was previously assigned ,o carbon monoxide 
despite the implausibilily of i,s existence in the observed 
region winch has a temperature above that a, which carbon 
monox.de would break up ,„.o its constituent carbon and 
> 0 oxygen atoms. This problem can be resolved by assignment of 
•he broad 4 Jfim feature to a temperature broadened 
rotational transition of a molecular ton of lowcr-encrev 
hydrogen. The assignment of the 4.7 absorpnon line to the 
7-0 to 7=] transition rotational transition of // 7 j2c=3n J* 

I 5 provides a resolution of the problem of cool carbon monoxide 
clouds. 

Modeling how stars evolve leads to age estimates for 
■some stars that are greater than .he age of the umversc MiIb . 
Oeory predicts tha. presently, stars exist which are older than 
■he elapsed time of the present expansion as stellar evolution 
occurred during the contraction phase 

^ General Relativity provides a resolution ,o the problem 
o< me toss of anguiar momentum ol the core which 
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is in 



agreement w„„ ,„e current Solar models and helioseismoloev 
-> data The photon transfer of momentum to expanding 
spacet.me mechanism provides a resolution to the solar 
rotation problem of the slowly rotating Solar core 

Further stellar evidence of disproportionate reactions 
is the emission of extreme ultraviolet radiation by young stars 
3 0 called A stars. They appear to have energetic, ultraviolet- 
emittmg upper atmospheres, or coronas, even though 
astronomers believe such stars lack the ability IO heat these 
regions. 



3 5 



Numerous late-type stars, particularly dM stars are 
known IO flare from time to lime at visible and X-ray 
wavelengths. An extremely pronounced flare was observed 
by the Extreme Ultraviolet Explorer (EUVfi) Deep Survey 
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telescope on .he star AU Microseopii at a count of 20 ,i mcs 
greater than that at quiescence |Bowycr. S.. Science Vol 263 
U994). pp. 55-59). Hrn.ss.on lines in the extreme "ultraviolet' 
were observed for wh.ch .here is no satisfactory assignment 
> These spectral lines match hydrogen transitions to electronic 
energy levels below the "ground" state corresponding to 
fractional quantum numbers as shown in Table 3 of Mills The 
lines ass.gned to lower-energy hydrogen transitions increased 
significantly in intensity during thc flare event. The data is 
10 consistent with d.sproport.onat.on reactions of lower-energy 
hydrogen as the mechanism of soJar flare activity. 

Planetary cv.dence of d.sproportionation reactions is the 
cn.ss.on of energy by Jupiter. Saturn, and Uranus in excess of 
that absorbed from .he Sun. Jup.ter is g.gantic ball of gaseous 
1 5 hydrogen. Saturn and Uranus are also largely comprised of 
hydrogen H y is detected from all three planets by infrared 
emission spectroscopy [J. Tennyson. Physics World. July. 
(1995), pp. 33-36]. Disproportionate reactions of hydrogen 
yield ionizing eiec.rons. energy, and ionized hvdrogen atoms 
Ionizing electrons and protons can both react with molecular 
hydrogen to produce //:. 

The spin/nuclear hypcrfine structure transition energies 
•bj i».*»«v.. cjwA£»y ccifaifj speciiai iines 

obtained by COBE [E. L. Wright, et. al.. Thc As.rophysical 
Journal. 381. (1991). pp. 200-209; ), C. Mather, et. al The 
Astrophysical Journal. 420. (1994), pp. 439-444J for which „o 
other satisfactory assignment exists. 
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Ex ample 5. 

Pennsylvania State University has determined excess 
heat release from flowing hydrogen in the presence of ionic 
hydrogen spillover catalytic material: 40% by weight 
potassium nitrate (KNO3) on graphitic carbon powder with 5% 
by weight 1%-Pd-on-graphitic carbon (K+/K- electrocatalyiic 
couple) by the very accurate and reliable method of heat' 
measurement, thermopile conversion of heat into an electrical 
output sig„ a | (Phillips, J., Shim, H.. "Additional Calorimetric 
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Examples of Anomalous Heat from Physical Mixtures of 
K/Carbon and Pd/Carbon". January J , 1996. A Confidential 
Repoil submiucd to HydroCatalysis Power Corporation 
provided by HydroCatalysis Power Corporation, Great Valley 
5 Corporate Center. 4] Great Valley Parkway. Malvern. PA 
19355). Excess power and heat were observed with flowing 
hydrogen over the catalyst. However, no excess power was* 
observed with flowing helium over the catalyst mixture. Rates 
of heal production were icproducibly observed which were 
I 0 higher than that expected fjom the conversion of all the 
hydrogen entering the cell to water, and the total energy- 
observed was over four times large, than that expected if all 
the catalytic material in the cell were converted to the lowest 
energy state by "known" chemical reactions. Thus, 
anomalous" heat, heat of a magnitude and duration which 
could not be explained by conventional chemistry, was 
reproducibly observed. 

!il3nil>le_('x 

2 0 Excess heat from a pressurized gas energy cell having a 

gaseous source of energy holes has been observed by 
HydroCatalysis Power Corporation (manuscript in progress] 
with low rMCSSWre hvfjmopn in iho ~f .„^i..u.»„ 

' J ' *^ " ..~ • .»tvjijf vacuum 

iodide (Mob) (Mo** clectrocatalytic .on) which was volatilized 

2 5 at the operating temperature of the cell, 210 °C. The 

calorimeter was placed inside a large convection oven that 
maintained the ambient temperature of the cell at the 
operating temperature. The cell comprised a 40 cc stainless 
steel pressure vessel that was surrounded by a 2 inch thick 

3 0 molded ceramic thermal insulator. The cell was scaled with a 

vacuum light flange that had a two hole Buffalo gland for a 
tungsten wire to dissociate molecular hydrogen, a perforation 
for a Type K thermocouple, a 1/16 inch inlet for hydrogen 
which was connected to a 1/4 inch stainless steel tube which 
3 5 connected to the hydrogen supply. The flange was sealed with 
a copper gasket. The bottom of the vessel had a J/4" vacuum 
port connected to a stainless steel tube with a valve between 
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ihc ceil and a vacuum pump and vacuum gaiisc. Less than 
one gram of Mo! 2 catalyst was placed in a ceramic" boa. i nsi(lc 
ihe vessel. The vapor pressure of ihe ca.alysi was csiimaied 
to be about 50 milliiorr at the operating temperature 210 X 
5 The hydrogen pressure of about 200 to 250 milhtorr "was 

controlled manually by adjusting the supply through the inlet 
versus the amount pumped away at Hie outlet where the 
pressure was monitored in the outlet tube by the vacuum 
gauge. For each run. the total pressure was made (includtn- 
1 0 the Moh prcssne in the case of the experimental run) 
precisely 250 millitorr. 

The output power was determined by measuring 
difference between the cell temperature and ihe ambient oven 
temperature and comparing the result to a calibration curve 

1 3 generated by applying power , 0 mc mside of the cell with the 

tungsten filament. Excess power of 0.3 watts was observed 
from the 40 cc stainless steel reaction vessel containing less 
lhan 1 g of Mob when hydrogen was flowed, over the hot 
iungs.cn wire ( = 2000 "C). However, no excess power was 

2 0 observed when helium was flowed over the hoi tungsten wire 

or when hydrogen was flowed over the hot tungsten" wire with 
no MoI 2 present in the cell. Rates of heai pioduciion were 

reproftnrihl v oKt C r v<«rl m.I.;, k „.».,> ».;„u .. .,. , 

J ' ~" "';"«-> mail inai expected 

from thc conversion of all the hydrogen inside the cell lo 
2-> water, and the total energy observed was over 30 times larger 
than thai expected if all thc catalytic ma.er.al in the cell were 
converted to the lowest energy slate by "known- chemical 
reactions. Thus, "anomalous" heat. hea. of a magnitude and 
duration which could not be explained by conventional 
3 0 chemistry, was reproducibly observed. 

The gaseous contents of the reacior were monitored with 
a mass spectrometer. Al ihc time that excess energy w aS 
produced corresponding lo the case wherein hydrogen was 
flowed over ihe hot filament, a higher ionizing mass two 
3 5 species was observable; whereas, durins the control run 

wherein hydrogen was flowed over the hot lunsstcn wire with 
no Mob present ,n the cell, a higher ionizing mass two species 
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w;is not observed. The higher ionizing mass two species is 



assigned to the dihydrino molecule, 2H 
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A eel) comprising: 

a vessel capable of containing a vacuum 
or pressures greater than atmospheric; 

an effective amount of a materia] for 
forming a gaseous transition catalyst for 
catalyzing the transition of a hydrogen atom 
to an energy state lower than n = l, where n is 
the energy state of an electron in said free 
hydrogen a torn ; 

a source of hydrogen atoms in the gas 
phase ; 

means for forming said gaseous 
transition catalyst from said material; 
and 

means for contacting said gaseous 
transition catalyst with said hydrogen atoms 
in said vessel under conditions whereby said 
hydrogen atoms undergo a transition to an 
energy state lower than n-1 and releases 
energy . 

A cell according to claim l, wherein said 
gaseous transition catalyst is adapted to 
absorb a multiple of about 27 eV from said 
hydrogen atom when said hydrogen atom 
undergoes said transition to a lower energy 
state . 

A cell according to claim 1, wherein said 
gaseous transition catalyst is adapted to 
have a resonant absorption wich the energy 
released by said hydrogen atom when said 
hydrogen atom undergoes said transition to a 
lower energy state. 
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A cell according to claim l r wherein said 
source of hydrogen atoms comprises a hydrogen 
containing gas and means for disassociating 
said hydrogen containing gas. 

A cell according to claim 4, wherein said 
source of hydrogen atoms comprises at least 
one of a hot filament and a hydrogen 
containing gas stream, a hot grid and a 
hydrogen containing gas stream, a tungsten 
capillary heated by electron bombardment to 
1800-2000 K and a hydrogen gas containing 
stream, a hydride maintained under 
nonequi 1 ibrium conditions, and an inductively 
coupled plasma flow tube and a hydrogen gas 
containing stream. 

A cell according to claim 1, wherein said 
source of hydrogen atoms comprises a hydrogen 
containing gas stream and a second catalyst 
for disassociating said hydrogen containing 
gas stream into free hydrogen atoms. 

A cell according to claim G, wherein said 
hydrogen di sassociat ion catalyst comprises at 
least one element selected from the group of 
the transition elements, lanthanides, and 
activated charcoal, 

A cell according to claim 1, further 
comprising means for absorbing energy from 
said hydrogen atom undergoing said 
transit ions . 

A cell according to claim 1, further 
comprising means for removing molecular 
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hydrogen having an energy state lower than 
no . 

A cell according to claim 1, further 
comprising a boat or container for containing 
said material, and means for connecting said 
boat or container to said vessel. 

A cell according to claim 10, wherein said 
boat or container further comprises means for 
heating said material contained therein, 

A cell according to claim 1, wherein said 
gaseous transition catalyst is an ionic 
compound which is resistant to hydrogen 
reduction . 

A eel} according to claim 1, wherein said 
material is adapted to sublime, boil, or 
become volatile when heated. 

A cell according to claim 1, wherein said 
material comprises a salt of rubidium or 
potassium. 

A cell according to claim 1, wherein said 
material comprises a salt of rubidium which 
is selected from the group consisting of RbF, 
RbCl, RbBr, Rbl , Rb,S>, RbOH, Rb 2 S0 4 , Rb ? CO, , 
and R b 3 P0< . 

The cell according to claim 1, wherein said 
material comprises a salt of potassium which 
is selected from the group consisting of KF, 
KC1, KBr, KI, K,S, , KOH, K ? S0 4 , K 7 C0,, K ? PO«, 
and K 7 GeF 4 . 
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The cell according to claim 1. wherein said 
material is adapted to provide a vapor 
pressure greater than 0 of a cation selected 
from the group consisting of IRb") , (Mo 2 *) , 
and (Ti 2 *) , when said material is heated. 

The cell according to claim 1, wherein said 
material is adapted to provide a pair of 
cations having a vapor pressure greater than 
0 when said material is heated, said pair of 
cations being selected from the group 
consisting of: (Sn*\ Si'*) , (Pr 3 \ Ca 2 *), 
(Sr 2 \ Cr 2 *) , (Cr 3 *, Tb 3 ') , (Sb^, Co 2 '), (Bi J \ 
Ni*->, (Pd 3 \ In'), (La 3 " r Dy 3 *) . (La 3 *. Ho 3 *), 
(K\ K" ) , (V 3 *, Pd 2 *), (Lu , \ Zn 2 "), (As 3 ', Ho 3 *), 
(Mo s \ Sn 4 ') , <Sb 3 \ Cd 2 *), (Ag 2 \ Ag*) . (La 3 *, 
Er 3 '), (V 4 *, B 3 *) . (Fe 3 \ Ti 3 '). (Co 2 *, Ti"), 
IBi } ', Zn 2 *) , (As 3 *, Dy } *), (Ho 3 *, Mg 2 *) , <K\ 
Rb*), (Cr 3 *, Pr 3 *) , <Sr 2 \ Fe 2 *) , (Ni 2 \ Cu*}, 
(Sr 2 \ Mo 7 *), ( Y 3 * , Zr"), (Cd 2 *, Ba 7 *), (Ho 3 ', 
Pb 2 *) r (Pd 2 ", Li*), (Eu 3 ' , Mg 2 *), <Fr 3 \ Mg 2 *) , 
(Bi*", Al 3 *) , <Ca 2 \ Sm 3 ), (V 5 \ La 3 *), (Gri 3 * , 
Cr 7 ') . (Mn 2 *, Ti'). (Yb ; \ Fe ? *), Ni 2 ', Ag") , 
(Zn 2 *, Yb 2 *) , (Se«\ Sn 4 *) , <Sb»\ Di 2 *), and 
(Eu'\ Pb 2 *) . 

A cell according to claim 1, wherein said 
material comprises a salt which can be 
vaporized or volatized into ions. 

A cell according to claim 19, wherein said 
salt comprises one or more cations and at 
least one anion selected from the group 
consisting of halides, sulfates, phosphates, 
carbonates, hydroxide, and sulfides. 
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A cell according to claim l , wherein said 
mean*; for forming said gaseous transition 
catalyst from said material comprises at 
least one of heat, electron-beam energy, 
photon energy, acoustic energy, electric 
field, or magnetic field. 

A cell according to claim 1, wherein said 
material is adapted to provide gaseous atoms, 
said means for forming said transition 
catalyst further comprising means for 
ionizing said gaseous atoms to form said 
gaseous transition catalyst. 

A cell according to claim l, further 
comprising means for heating said material, 
wherein said materia] is adapted to provide 
gaseous atom when said material is heated, 
and said means for forming said transition 
catalyst comprising means for ionizing said 
gaseous atoms. 

A eel] according to claim ], wherein said 
material comprises a filament which when 
active forms said gaseous transition 
cat alyst . 

A cell according to claim 1, wherein said 
means for forming said gaseous transition 
catalyst comprises a filament and said 
material is coated on said falament. 

A cell according to claim 1 1 , wherein said 
material is adapted to provide gaseous atoms 
when heated, and said means for forming said 
transition catalyst comprising means for 
ionizing said gaseous atoms. 
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27. A cell according to claim 10, wherein said 
material comprises a sale which can be 
vaporized or volatized imo ions. 

28. A eel] according to claim 1, further 
comprising a nonreactive gas wherein the 
power is controlled by controlling the amount 
of said nonreactive gas. 
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A cell according to claim i, wherein said 
source of hydrogen atoms comprises a means 
for pyrolysis of hydrocarbons or water. 

30. A cell according to claim 29, wherein said 

cell comprises an internal combustion engine 
cylinder. 
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A cell according to claim 1, further 
comprising a means for controlling a power 
output of said cell, said power output 
controlling means comprising means for 
controlling the amount of said gaseous- 
transition catalyst or said hydrogen atoms. 

2* 32. A cell according to claim 33. wherein said 
means for controlling the amount of said 
gaseous transition catalyst comprises means 
for controlling the temperature of said cell 
wherein said material is adapted to have a 
vapor pressure dependent upon the temperature 



30 



of said cell. 



33. 
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A cell according to claim 10, further 
comprising means for controlling a power 
output of said cell, said power output 
controlling means comprising means for 
controlling the temperature in said boat or 
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container, wherein said material is adopted 
lo have a vapor pressure dependent upon the 
temperature of said boat or container. 

A cell according to claim 31, wherein the 
amount of said hydrogen atoms is controlled 
by controlling the flow of hydrogen atoms 
from said hydrogen atom source. 



A cell according to claim S # further 
comprising a means for controlling a power 
output of said cell, said power output 
controlling means comprising means.- 

for controlling the flow of said 
hydrogen containing gas over at least, one of 
said hot filament, said tungsten capillary 
heated by electron bombardment, or said 
inductively coupled plasma flow tube; or 

for controlling the power dissipated in 
said inductively coupled plasma flow tube; or 

for controlling a temperature of said 
hot filament or said tungsten capillary 
heated by electron bombardment; or 

for controlling the pmsr.xjr^ of hydrogen 
and temperature of said hydride maintained 
under nonequi 1 i briurn conditions. 

A cell according to claim l, further 
comprising means for controlling a power 
output of said cell, said power output 
controlling means comprising means for 
monitoring the quantity of said released 
energy . 



A cell according to claim 1, further 
comprising means for controlling a power 
output of said cell, said power output 
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controlling weans comprising a computerized 
monitoring and control system which monitors 
at least one of a thermistor, spectrometer, 
or gas chromatograph . 

A method of extracting energy from hydrogen 
atoms comprising the steps of: 

volatizing a material to form a gaseous 
transition catalyst, - 

providing hydrogen atoms; and 
contacting said gaseous transition 
catalyst with said hydrogen atoms under 
conditions whereby said hydrogen atoms 
undergo a transition to an energy state lower 
than n=l and energy is released from said 
hydrogen atoms, wherein n is the energy state 
of an electron in a free hydrogen atom and 
said gaseous transition catalyst is a 
catalyst for catalyzing the transition of 
hydrogen to an energy state lower than n=l . 

A method according to claim 38. wherein said 
step of providing hydrogen atoms comprises 
the step of disassociating a hydrogen 
containing gas into hydrogen atoms. 

A method according to claim 30. wherein said 
step of providing hydrogen atoms comprises at 
least one of passing a hydrogen containing 
gas over a hot filament, passing a hydrogen 
containing gas over a hot grid, passing a 
hydrogen containing gas through a tungsten 
capillary heated by electron bombardment to 
1000-2000 K , or maintaining a hydride under 
nonequilibrium conditions, or passing a 
hydrogen containing gas through an 
inductively coupled plasma flow tube. 
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A method according to claim 30, wherein said 
step o£ providing hydrogen atoms comprises 
contacting a hydrogen containing gas with a 
second catalyst for disassociating said 
hydrogen containing gas stream into free 
hydrogen atoms. 

A method according to claim 38, wherein said 
gaseous transition catalyst absorbs a 
multiple of about 27 eV from said hydrogen 
when said hydrogen atoms undergo said 
transition to a lower energy state. 

A method according to claim 38, wherein said 
gaseous transition catalyst is adapted to 
have a resonant absorption with the energy 
released by said hydrogen atoms when said 
hydrogen atoms undergo said transition to a 
lower energy state. 

A method according to claim 38, further 
comprising the steps of conducting said 
method in a cell comprising a vessel having 
che capability of containing a vacuum or 
pressure greater than atmospheric. 

A method according to claim 38, further 
comprising the step of controlling a power 
output of said cell . 

A method according to claim 4S. wherein said 
step of controlling a power output of said 
cell includes controlling a flow of hydrogen 
atoms into said cell. 
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A method according r.o claim 38, further 
comprising the step of absorbing said 
released energy . 

A method according to claim 38, further 
comprising the step of removing molecular 
hydrogen having an energy state lower than 
n-i . 



1 0 4 9. 



A method according to claim 38, wherein the 
step of volatizing a material to form a 
gaseous transition catalyst comprises the 
steps of volatizing said material to form 
gaseous atoms and ionizing said gaseous 
2 - atoms. 



B0. A method of making hydrinos comprising the 
seeps of : 

volatizing a material to form a gaseous 
transition catalyst; 
forming hydrogen atoms; and 

contacting said gaseous transition 
catalyst with said hydrogen atoms under 
conditions whereby said hydrogen atoms 
undergo a transition to an energy state lower 
than n=l and energy is released from said 
hydrogen atoms to thereby form said hydrinos. 
wherein n is the energy state of an electron' 
in a free hydrogen atom and said gaseous 
transition catalyst is a catalyst for 
cata)y 2 ing the transition of hydrogen to an 
energy state lower than n=l . 



51. A method according to claim SO, further 
comprising the steps of collecting and 
purifying said hydrinos. 
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